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Tbb following piges foAued the substance, of a short' 
series of articles on Chemistry, which onginally appeared 

‘in the edonuis of the "Gardeners’ Ohrohkde.^’ .The' 

1 * > 

iatmest which they excited in riie readers of that jonmali 
has led to their repnblicatioh in a sepw^te and 
complete form. It would hare been easy to hate grea^ 
increased &e sise Uf the bodt; and indeed it Was 
freqnently rety difficult to select'!^ the mass of 
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infomation whiidi e^isfo, thosc'^fhetii: which t^peae^ 

f ^ * 

most worthy of hotich. * The otigilfol object the 
iinriiw wa| to ipvn wh ab e^snuntary sketch 
scitiiMe^ ,ai. sho«ld^<(;ii^ naose of the ful^ 

;tiocp i!|e^wod» of' the^T'i^o^. 



a role,, care has been taken, as much as 

possible, merely to give well-established facts, or, when 
doubtful theories are mentioned, to state distinctly that 
they are more or less probleniatical. 



PBEFACE TO THE TmSD EDITION. 

In accordance Trith numerous suggestions, yery con- 
siderable additions have been made to this little book, 
in preparing it for a new edition ; several important 
practical matters, not treated of in the former editions, 
having been introduced! Brief descriptions of the more 
important of the domestic arts, such as wine and vinegar 
making, brewing, the manufacture of spirits, baking, 
cheese-making, cookery, &c., have been added ; together 
with some account of the scientific principles involved in 
those arts. Numerous reoeni analyses of agricultural 
crops have likewise been given, and the whole has been 
carefully revised and corrected. 
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INTEODUCTIOX. 


No lirancli of knowledge has made more rapid ])ni- 
gress, during the last hundred years, tlian chemistry. 
From being merely a. confused collection of marvellous 
facta and incomprehensible phenomena, it has become » 
definite and methodical science : lio longer luysterioufe 
and full of uncertainty, but based on clear and simpK* 
laws, the knowledge of chemistry at once gives us the key 
to a great miinhcr of natural changes and phenomena, 
which without it would be cjuite unintelligible. 

Chemistry is intimately connected with all other 
sciences : for it embraces the stiuly of the various forms 
and conditions of matter, their nature and properties, 
and the changes which, cither from natural or artificial 
causes, they undergo. The study of chemistry is of 
the greatest importance in relation to the arts of life, 
which all depend more or less on chemical principles. 
Hence, a knowledge of this science enables us more 
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readily to understand the processes of the manufacturer, 
points out the best and most economical mode of 
effecting his objects, and teaches how that which was 
before useless and of no value, may be converted into 
sources of wealth and happiness. 

It is needless to point out examples of the influence 
which the progress of chemistry has had on our manu- 
factures; for every one of them owes, more or loss directly, 
its present improved condition to the labours of tlu* 
chemist. Such being the case, it becomes interesting U^ 
inquire, what has chemistry done for ngricultme, the 
most important, because the most necessary, and most 
extensively practised, of all tile arts ? It is remqjiablo 
that agriculture should have received infinite* less 
assistance from the labours of.^hcmists, than any other 
art ; but this ceases to be surprising when wo consider 
how little attention was paid by the ancient chemists to 
that subject — The chemistry ot tlui earthy and metallic 
substances presented to them easier and more attractivii 
objects of inquiry ; they were led away by the visionary 
hope of discovering a mode of making gold ; and tliey 
consequently neglected everything, in order to try all 
sorts of experiments, in the vain idea of converting lead, 
iron, &c., or the base metals as they called them, into 
gold* Hence it is not to be wondered at, that tlie 
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chemistry of the metals was studied and investigated, 
long before the nature and properties of vegetable and 
animal substances were examined. The labours of the 
alchemists brought to light many valuable discoveries 
respecting the uses, nature, and properties of earthy and 
metallic substances ; but it was only in the last century, 
wJien the constitution of the air and other gaseous bodies 
was discovered, that anything approaching to correct 
ideas respecting the nature of animal and vegetable sub- 
stances was entertained. 

The important discoveries of.^pr. Priestley led the way 
to a complete rcvoliitq^pn tlNf^ciencc, and may almost 
be said to have laid tti^^foiindntion of agricultural cbe- 
niistry. It is true that before his time there had been 
many careful and accurate observers, and multitudes of 
laborious anjl valuable experiments bad been made on 
plants, bj^Wfcb men as Van Ilelmont — Evelyn — Boyle — 
Hales, and others ; but before the time of Priestley and 
his contemporaries, Bonnet, Ingenhousz, Henry, and 
Pcrcival, little progress had been made in studying the 
chemical changes on which the growth of plants depends. 
We arc indebted to Hales for much curious information 
respecting the rise and motion of the sap in plants, the 
perspiration, or evaporation, which is constantly going on 
to a greater or less extent, from the surface of the leaves, 
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and tSe effects of various substances on plants ; his che- 
mical speculations, however, are for the most part of 
little value, though he was often apparently on the point 
of making important discoveries. The discovery of 
carbonic acid gas or fixed air, by Dr. Black, and the 
beautiful experiments of Priestley, opened a new field^of 
inquiry and research : he observed that plants possessed 
the property of purifying the air ; in fact, that they were 
able to decompose the carbonic acid gas which it always 
contains in small quantity ; appropriating the earhorfr 
and restoring back to the atmosphere the oxygon, or 
vital air, so necessary to the premisses of respiration and 
combustion. The knowledge oi this great fact, neces- 
sarily led to many minor discoveries respecting the 
growth of plants, and the sources of their food. After 
this period, Organic Chemistry began to attract a large 
share of the attention of chemists, the coW^sition cjf 
vegetable substances was carefully investigated, new 
modes of analysis were discovered, aiiJ au immense 
mass of curious and useful facts was collected- A great 
number of chemists occupied themselves with researches 
in Vegetable Clicmistry, but for the moat part they 
were employed in examining the innumerable substances 
which plants produce ; whilst the great questions as to 
the food of plants, their growth, and nourishment, were 



INTRODUCTION. 


XVll 


left very nearly in the same state which the experiments 
of Priestley and Ingonhousz had brought them to. 

,^At the end of the last century, and in the commence- 
meiit^f the present. Organic Chemistry made rapid 
advances ; the labours of Hassenfratz, Humboldt, Berze- 
lius, Saussure, Senebier, Einhof, and Davy, contributed 
to throw light on many parts of the subject ; whilst 
the investigations of Gay-Lussac, Hatcliett, Lampadius, 
Lavoisier, Marcet, Prout, Thompson, Vauqueliri, Thcnard, 
and others in all parts of Europe, led to a more complete 
and accurate knowledge of the nature, composition, and 
properties of organic matter. 

TIic first chemist who wrote on agriculture appears to 
have been J. G. VVallerius, who, in 1754, published a 
book on the Cause of Fertility. Even before this time, 
however, several books had been written on agriculture, 
in which attempts were made to explain the operations 
of farming on chemical principles ; such, for example, 
were “The Rational Farmer,” 1743, a curious book, 
containing numerous accounts of rude chemical experi- 
ments, together with a number of sound practical facts : 
the author, however, was evidently not a chemist. 
Wallerius was succeeded by several other authors, 
amongst whom ought to bo mentioned Cullen, Pearson, 
Gyllenborg, Do Bcunie, Ruckort, Einhof, and Duii- 

h 
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donald ; but the speculations of those authors (though 
ingenious) were, for the most part, crude and iuconipictc. 
The writings of Einhof were valuable for the luimerous 
accounts of careful experiments which they contain ; 
the analyses, though not cariied to that degree of 
minuteness which subsequent discoveries led to, were 
trustworthy and accurate, and, as such, will always con- 
tinue of value. Humboldt’s “ Sketch of the Chemical 
Physiology of Vegetation,” which appeared at this time, 
is a book of far higher talent than those just nientioned, 
and contains enlarged views and cautious generalizations. 
>vhich the soosequent progress of science has in most 
cases coiifirnuxl. At the commencement of the present 
century, when Organic Chemistry was rapidly advancing, 
Bc'^zelius and Davy endeavoured to apply the conclu- 
sions to he derived from chemical experiments, to agri- 
culture. If the deductions which tliey made were not 
always correct, and if the plans which they j^roposed 
did not always produce the effects which the authors 
anticipated, it must be rememhered tliat they were 
amongst the first to take the subject up, and that though 
they did so under far more favourable circumstances 
than their predecessors did, yet that even then the 
science of organic chemistry was in many respects very 
imperfect and incomplete. 



INTRODUCTION. 


SIX 


During the last forty years, many important additions 
liave been made to this department of Chemistry ; im- 
proved and more accurate modes of chemical investi- 
gation have enabled more exuct analyses to be made of 
the different varictiei; of organic matter ; the compo- 
sition of those substances, which constitute the bodies of 
♦ 

animals and plants, has been accurately and carcfull;. 
ascertained. At the same time, many valuable obser- 
vations have been made respecting the functions of 
plants, the conditions requisite to germination, the form- 
ation of flowers and seed, the chemical changes atten- 
dant on tlie ripening of fruit, the office performed by 
roots and leaves, and a variety of other important sub- 
jects of inquiry. The names of Liebig, Schiibler, and 
Sprcngcl, ill Germany; Braconnot, Boussingault, Clicv- 
reiil, Colin, Chaptal, Dumas, Edwards, and Paycn, in 
Franco; and of Daubeny, Fownes, Johnston, Pepys, 
'I'urner, Christisoii, and Way, in our own country, 
deserve especial mention. 

Even in so short a sketch of the subject as this, it 
would not bo right to omit altogether the name of 
Grisenthwaite, whose book on the theory of Agriculture 
( 1810 ) is remarkable for the enlarged and extended 
views which it contains. It is true that the author falls 
into many errors; but, at the same time, ho was the first 

12 
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who entertained correct views of the importance of 
nitrogen as an element of manure, and of the necessity 
of supplying phosphates as well as substances containing 
nitrogen to plants like wheat, chiefly cultivated for the 
sake of the az^tised principle which renders tliem valuable 
as food. 

Intimately connected with .the progress of Vegetable 
Chemistry, is the study of Vegetable Physiology : a 
knowledge of the one is essential to a perfect compre- 
hension of the other, for it is impossible well to under- 
stand the chemical changes going on in the organs of 
plants, if we are wholly ignoyant of the forms and 
structure of those organs ; and, on the other hand, the 
most complete knowledge of the anatomJSbf vegetables 
could never lead any one to sound and correct conclu- 
sions respecting the nutrition of plants. It is rather to 
be regretted that both Chemists and Physiologists have 
appeared to avoid availing themselves of the advantages 
which each might have derived by studying the results 
that the otliers had obtained ; it is only by comparing 
together the observations of both that correct conclu- 
sions can be formed. The observations made by the 
older physiologists, like those of their chemical contem- 
poraries, were mostly imperfect, and the deductions they 
formed, were, in consequence, very frequently erroneous; 
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the modes of examination, and the instruments which 
they enij)loycd, were far less perfect than those which 
have been used in more recent times. Nevertheless, the 
observations recorded .by Grew, Afalpighi, and Duhamel, 
arc of considerable value ; they may be said, indeed, to 
have laid the foundB^i of Vegetable Physiology. As 
the study of Bota'SJ^self advanced, greater care was 
hestowe^jn examining the structure and anatomy of 
plan^; and from the labours of many zealous and careful 
observers, there has resulted a tolerably complete system 
of Vegetable Physiology. In recent years, De Candolle, 
Brongniart, Dccaisne, Dutrochet, andMirbel, in Franco ; 
Link, Mold, Moycn, and Schlciden, in Germany; Amici, 
in Italy ; and Brown, Griffiths, Ilenslow, Knight, and 
Lindley, in England, have, besides many others, made 
valuable additions to Vegetable Physiology. The rela- 
tions of plants to climate, and the influence of heat, 
light, and moisture, have also been studied ; especially 
by Daniell and Roylc in our own country. 

Amongst the names of those who have contributed 
to the science of Agricultural Chemistry, that of Liebig 
stands pre-eminent. The thanks of all are due to him, 
both for the valuable and laborious experiments he has 
performed, and likewise for the exertions which he has 
made to remove the many doubts and uncertainties that 
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surrounded the very elements of the subject. But little 
had been done since the days of Priestley and Ingenhousz 
to prove how plants obtained their food, what were the 
sources whence they derived the elements of organic 
matter, and the nature of the office performed by 
manures. Chemists, and likewise^i- physiologists, had 
formed many ingenious speculatioiis ; but tliey had not 
employed the only real mode of getting at tnitli, 
namely, well-selected and carefully performed expe- 
riments. Liebig, in his “ Organic Chemistry applied 
to Agriculture and Physiology,’* has strongly drawn 
attention to these important questions ; he has exposed 
the fallacy of many of the theories which had been 
formed to explain them, and has established, on good 
evidence, the simple chemica^ules which regulate the 
growth of plants. 

Although the experiments of Priestley and ingenhousz 
had shown that plants possess the power of decomposing 
Carbonic Acid ; and although they had advanced nu- 
merous arguments to prove that plants derive the carbon 
which they contain, from the decomposition of that gas ; 
yet this doctrine, although admitted by many physio- 
logists, was by no means universally believed by chemists. 
M. Hassenfratz, in particular, opposed these views, 
asserting that plants did not derive their carbon from 
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the decomposition of carbonic acid existing in the air, 
but absorbed it direct from the soil, in a state of suspen- 
sion or solution ; he gives tlie name of carbon to the 
brown substance left on the evaporation of dung water, 
and, in fact, to the various modifications of decaying 
organic matter subsequently described under the general 
name of llunms. Few experiments, indeed, were made 
to show that the explanation of Priestley and Ingenhousz 
was Improbable ; but it was conceived that plants must 
derive their carbon from the soil, and many theories 
wore formed to explain the mode in which they might be 
supposed to obtain it. These theories have been rigidly 
examined by Liebig, and the results of his investigation 
have shown, that the old views put forth by Priestley 
and Ingenhousz were in truth correct. 

It has long been known, that plants consist of Carbon, 
Oxygon, Hydrogen, and Nitrogen, and lUso that they 
invariably contain a small quantity of inorganic, or 
earthy and saline matters. The presence of Nitrogen 
w^as formerly greatly overlooked, in analyses of vegetable 
substances ; it is contained in less quantity than the 
other three elements of organic matter, and was very 
commonly regarded as being merely accidental, and not 
a necessary constituent of plants. Improved modes of 
analysis have proved that nitrogen alw'ays exists in the 
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same proportion, in certain constituents of plants ; and, 
as it appears that these substances are also those which 
form the most valuable part of food, it becomes a ques- 
tion of the first importance, — Whence do the plants 
derive their Nitrogen ? They obtain it principally, if 
not wholly, from the air ; they do not absorb it in the 
free and uncombined form, hut they absorb it combined 
with Hydrogen and with Oxygen, in the states of 
Ammonia and Nitric Acid. The importance the 
earthy substances in plants was, likewise, greatly over- 
looked formerly. It has been proved, by repeated 
experiments, that these substances are of the gi'eatcst 
importance in the growth of pfants, being quite ossential 
to their development. 

Although much has been done, and although chemists 
have laboured to remove the perplexities which encom- 
passed the subject, there is still a very great deal which 
requires investigation ; many important points are as 
yet imperfectly, or even not at all, explained, and many 
questions must be satisfactorily settled before a complete 
system of Agricultural Chemistry can be established. 
Till these difficulties are removed, it is premature to 
expect that Chemistry can be of more than partial 
assistance to Agriculture; for whilst many of the funda- 
mental laws of Agriculturd Ohemistiy are still scarcely 
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understood, aU attempts Id apply them to practice miut 
be incomplete, and liable to error. 

The composition of the principal varietidS of organic 
matter is well known ; the substances which, by com- 
bining together, form the various constituents of plants, 
have been ascertained. The food of plants, the great 
sources whence they derive it, and the manner in which 
they absorb it, are known. The various changes which 
organic matter undergoes, the conversion of one sub- 
stance into another, and the influence which these 
changes have on the growth of plants, is likewise easily 
understood ; nearly all thp purely chemical operations 
which are concerned in^ their nutrition can beexplained 
by reference to simple chemical laws ; but there are 
many most important phenomena which are as yet 
wholly in the dark. Thus, for example, the manner in 
which wood is formed; and, indeed, all those natural 
operations in which cellular or organised matter is gene- 
rated under the influence of light and heat, are but very 
imperfectly explained. A knowledge of the chemical 
composition of soils, and the various substances employed 
as manures, enables us to comprehend the mode in which 
the latter act ; and a knowledge of the nature of those 
substances which plants require, points out the host and 
most econoiiuct^ m^ of restoring to the ^ By 
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manuresy those suhstanceB which plants remove from it : 
but our knowledge of this part of the subject is very far* 
from being complete; for although it is certain that, in 
addition to the great elements of organic matter, which 
plants derive from both air and soil, they likewise absorb 
small quantities of inorganic or mineral substances from 
the soil exclusively, the office performed by the latter 
in the vegetable economy is not yet well understood. 
Many theories, indeed, have been formed respecting 
their use, but very little is positively known on the 
subject. 

Although Agricultural Chemistry is in^ihis imperfect' 
state, and though much still remains to be done in 
that branch of science, yet it is so far advanced as 
to be able to render substantial assistance to the prac- 
tical agriculturist. It can teach him the principles 
which govern the growth of plants, and, consequently, 
guide him in the application of artificial means to pro- 
duce the most beneficial results. Uc must, however, 
not expect too much from the aid of Chemistty, nor 
give himself blindly up to specillations or theories. 
Whilst hu gires due credit and belief to well-authen- 
ticated faets^ he must always receive theories with 
cantioMut^d doubt. 

; Perhaps ^ niost important advantage which a prac- 
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tical man may at present derive from a knowledge of 
Agricultural Chemistry^ ^ia with^e use of 

manure. lf\e knows what it gives the fer- 

* tilisiDg powers to manure, and is aware of the nature 
of those substances, he will soon lea]^.the best method 
of preserving and using them ; he wi&then understand 
how to make the most of the various sources of manure 
at his disposal, and will be enabled readily to save 
much, that, ^r the want of such knowledge, would 
otherwise be lodt. 
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CHAPTER I. 

COMRINATION — DErOMPOSITION — AIR — ^WATER. 

1. Thk object of Chonaistry is to determine accurately 
the properties of all natural substances* to study the 
changes which are going on in Nature* to find out the 
rules which govern them, and the manner in which these 
natural o]vc.^atioD3 are influenced by circumstances. 

2. In pursuing these inquiries, the chemist is obliged 
to proceed slowly and with great caution ; it is quite 
impossible for him to predict beforehand the result of a 
new experiment ; he must try it, and then, if it has been 
properly conducted, it always furnishes him with a new 
fact, for he is sure that or repeating it in the same 
manner, he will obtain the same result. Hence Chemistry 
is purely an experimental science ; every fact is the result 
of careful experiment, and every theory is deduced from 
the study of such facts. The greatest care must be taken 
to distinguish facts from theories ; the former are well 
established and unquestionable truths, the latter are 

B 
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plausiblo conjectures, to which we are led bj tho atten- 
tive study of facts. Whon a chemist has made a number 
of experiments, or has observed many phenomena, he 
endeavours to ascertain the causes of the effects he has 
been studying. He selects the most probable explana- 
tion, and adopting it as a theory or view, to be confirnicd 
or disproved by future experiments, proceeds to try in all 
possible ways the truth of his conclusion. By thus 
foiToing a theory he is enabled to arrive at the truth 
more easily than if he were merely to continue making 
experiments at random* It is by r^soniug on the 
results of thousands of experiments that chemists bavo 
been enabled to reduce tho science into a useful form, 
as they have thus been led ^o discover certain great 
leading laws, w^gb govern all chemical changes or 
operations. 

3. Nearly all the changes which^e going on in Nature 
may be classed under two heaJP The one kind of 
change is that which takes place whon two substances 
come together which have, as it were, an attraction or 
affinity for each other. As a familiar example of what 
then happens, we may take the common process of soap- 
boiling. When, an Alkaline or caustic Icy is boiled with 
tallow or fat, soap, is formed. The alkali which is con- 
tained in the ley has an attraction for the fat ; tho two 
b^ome thoronghly mixed, and combine or unite together, 
and form a new substance, quite different from cither 
the fat the alkali; which new substance is called 
soap. 
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4. This kind of action is quite distinct from simple 
mixture. Wlieu we mix together two substances — such 
as, for example, brown sugar and sand, no change takes 
place hoVcver long they are kept together, or in what- 
ever way they are treated, for they have no affinity or 
attraction for each other ; and, therefore, if boiling 
water is poured upon the mixture, it will soon dissolve 
out all the sugar and leave the sand, and neither the 
sugar nor the sand will be at all altered by having 
been mixed. 

5. When we mix two substances which have an 
attraction for each other, they are both changed, and the 
new substance formed by their union is quite different 
from cither ; and when jtwo substances are thus united 
or combined together, they are not so easily separated as 
when merely mixed, because they require the exertion of 
some attraction more powerful than that wliich made 
them combine, to cause their separation. In tbo case of 
the soap just mentioned, the compound of fat and alkali 
does not resemble cither of its components ; it is different 
from the Icy in not being caustic, and differs from the 
fat in being easily soluble iu water. 

6. It is a rule which holds good in all cases, that 
whenever two substances combine or unite together, and 
form a new substance, the properties of the new substance 
are quite different from those of either of its components ; 
but when two substances are only mixed, the properties 
of the mixture arc intermediate, or half-way, between 
those of its two components; thus, in the mixture of 

B 2 
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sftnd and sugar, we may easily recognise both substances, 
for the characters of neither are altered by being brought 
together. 

7. Another common case of affinity is observed when 
we slake quicklime. Quicklime has a strong affinity for 
water, and when it is wetted, it becomes very hot ; the 
lime combines with a quantity of water, and when it has 
cooled, we hnd that the lime is much altered, having to a 
great extent lost its strong caustic properties, and become 
slaked, as it is termed. Here again we observe that the 
properties of the compound differ remarkably from its 
components. Dry caustic lime, in combining with water, 
forms a dry compound of lime and water, the watci 
becomes solid, entering into tli^ composition of a dry 
solid powder, whilst the lime no longer possesses the 
power of heating nHion water is poured o^M|p|it, and has 
become less caustic (23^). 

8. It may perhaps seem as if these two cYampIcs of 
the change produced by attraction or affinity were pro- 
cesses of Art, and not of Nature. They will, however, 
serve as examples of what is going on in a great many 
natural operations ; and as we proceed with the subject, 
it will be evident that this kind of change, by'-which 
two or more different substances unite and form one 
new substance, is exceedingly common tbrougboat 
Nature. 

9. The second kind of chaise Whi<ih we shall have to 
consider, is that which goeW% whet||^ imything decays. 
This change is quite opposite in its-o^re to that which 



DECOMPOSITION. 


5 


we have been describing. It takes place whenever 
any substance is separated or divided into its component 
parts. Thus, to return again to th^ quicklime, whioh is 
made bj burning chalk or limestone, we say that the 
chalk or limestone is decomposed, when, by burning or 
heating it in a very hot fire, whatever it contains which 
can be roasted out by fire, is driven off, and the lime 
only remains (118). 

1 0. The decomposition of a substance is also effected 
nhen it is mixed with anything which has a very strong 
attraction fur one of its components. Soap is made by 
the attraction which the alkali has for fat (3) ; but if we 
add to a solution of soap in water, anything which has a 
stronger attraction for the alkali than the latter has for 
the fat, we shall decompose the soap : there are many 
substances which have the power of doing this, but it is 
sufficient now to mention one. If viuegar is poured into 
a solution of soap, tho soap is decomposed ; the fat is 
separated and floats on the surfaM|; mad the vinegar 
combine*^ with the alkali of the soap. 

1 1 . This kind of change is always going on wlicn any* 
tiling decays or putrefies, and therefore is of Considerable 
interest in connexion with manures; but in fao^ eombiiuv 
tion and decomposition arc almost always going on at the 
same time in most natural changes, for when a compound 
consisting of several different substances is decomposed 
it is geuorally found that these substances again com- 
bine together, one with another, to form various other 
compounds (105, 145). 
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12 Combination takes place virhonever substances are 
brought together which have an affinity for each other, 
under suitable circumstances ; chemical action then takes 
place, and a compound is formed. Decomposition of a 
compound is caused either by the influence of some 
external power ; the presence of some substance capable 
of acting on one of the elements of the compound ; 
or, some influence able to weaken the chemical affinity 
which binds these elements together. 

13. Combination is often modified and controlled in a 

very remarkable manner by circumstances, accordingly 
as they are favourable or unfavourable to the union of 
the substances brought together. Fine division, or any 
other method whereby the particles are enabled readily 
to mix, or come in contact, generally assist combination 
When two solid lamps are placed in contftet witlx^ each 
other, they are only able to touch by very fo\>5(Jpoints, 
and hence in many oases do no^'acitehine even tliough 
they have ah afi^ity for eacbr If they ^re 

finely powdered and well mixed ^Key are much more 
able to combine ; and for the same reason if they 
are fusible, heat by rendering them fluid, and thus 
enabling the particles more easily to mix, assists their 
combination. 

14. A similar effect is produced by solution in water. 
In a common SeidltU powder or saline draught, we have 
two Bohitions mixed together, which are able to act on 
each other, but cannot do so in the dry state ; when 
water is added they ore brought thoroughly in contact, 
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and cliemical action at onco takes place. In many cases 
combiiiationis greatly assisted by heat which exalts 
the chemical affinity that the substancoB have for each 
other (35). 

15. Precisely in the same Avay decomposition is often 
curiously affected by various circumstances. Some 
compounds decompose spontaneously, they cannot be 
kept any time, and without any external influence they 
undergo decomposition ; this is especially the case with 
many animal and vegetable substances (354). Decom- 
position is frequently caused by the influence of light 
(1S7, 205, 699), or heat (9,* 119, 233). The decompo- 
sition of many compounds likewise, is caused by the 
presence of particular substances. A great number of 
different organic substances are decomposed when a 
small quantity of some other substance in an active state 
of decomposition is mixed with them ; this may be 
called decomposition by example ; it is a very singulat 
form of decomposition, and is termed fermentation (365). 
A similar change is sometimes caused by the mere 
presence of a particular substance, even though it is not 
itself undergoing any change whatever at the time 
(361). 

16. It is a common saying that there are only four 
elements ; air, earth, fire, and water ; and many people 
believe that all things are composed or made up of these 
four elements. This is very incorrect, because there are 
many substances which do not contain any of these 
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so-called elemenls ; end the; are» besides, tbemseWes 
compounded of many different substances. The term 
elements, in tbe sense in which it is used* by chemists, 
means a certain set of simple substances, which by 
combining, or uniting together, form all the various 
matters that occur in Nature. 

17. To return once more to the example of soap, vre 
may say that the elements of soap are alkali and tallow ; 
but then the question wiU arise, what are the etemenis 
of tallow and alkali? which can only be aasertained 
by chemical experiments. In this way, the|L»^ may 
analyse, or as it were pull to pieces, differenf^lAstancee, 
till at last we find that we are unable to S^aratc or 
decompose them any further, aii^{(he substances which 
then remain are called elementlT or simple substances. 
It is possible that chemists may Imfcafter discover that 
some of the substances now called elements are really 
compounds, and of course it is impossible to prove 
that they uA not so ; all therefore jMf is meant by 
the term element, or elementary* substance, is that 
chemists have not yet been able to prove them to be 
compounds. 

18. There are upwards of sixty of those elements, 
hut it will not be necessary to study the nature and 
properties of the whole scries, because many of them 
are of very rare occurrence, and found only in small 
quantities. 

19. The following is a list of ail the substances 
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which arc at present considered as being simple, or 
elementary : — 


1. Aluminum 

22. Uidrogen 

42. Potassium 

2. Antimonjr 

23. lodino 

43. Rhodium 

3- Ai'iieiiir 

24. Iridiuru 

44. Rufchentum 

i. Barium 

1 25. Iron 

45. Selenium 

5. Bibiuuth 

26. Lantanuin 

46. Silicon 

G. Boron 

27. Lead 

47. Silver 

7. Bromine 

23. Lithium 

48. Sodium 

3. Cadmium 

29. Magnesium 

49. Stioutinm 

9. Calcium 

30. Manganese 

1 50. Sulphur 

10. Carbon 

31. Mercury 

51. Tellurium 

n. Cerium 

32. Molybdenum 

52. Tcilliiui 

12. Chlorine 

33. Kickcl 

53. Thorium 

13. Chromium 

34. Niobium 

54. Tin 

14. Cobalt 

35. Nitrogen 

55. Titanium 

1.5. Columbinm 

1 36. Qsmium 

56. Tungsten 

Ifi. Copper 

«37. Oxygen 

57. Uranium 

17. Didyinlum 

33. Paiiadium 

53. Vanadium 

13. Erbium 

39. Pelopium 

59. Yttrium 

19. Fluorine 

40. Phosphorus 

60. Zinc 

20. Glucinum 

41. Platinum 

61. Ziiconium 

21. Gold • 


t 


20. We will commence with those substances which 
are of the greatest importance, whether simple or com- 
pound, and gradually go through them, before entering 
upon the Chemistry of Vegetation. Foremost in import- 
ance, of the substances whose properties wo are about to 
study, stands th^ Air. 

2 1 . Wq arc too apt to think of the Am as being merely 
empty space ; ^Ye move about through it without feeling 
any resistance, and from its being invisible and totally 
unlike anything else we know, many forgot its existence 
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altogether. The fact is, that every part of the surface 
of 'the globe is surrounded by air, which floats on its 
surface almost like water. 

22 . It is easy to pro>e that the air is really a substance. 

When we try to squeeze together the sides of an inflated 
bladder, the mouth of which is tightly tied up, we feel 
that the bladder is full of something which resists the 
pressure ; this something is the air which it contains, 
and which, tliough so easily displaced, or pushed aside, 
by anything moving through it, resists strongly any force 
applied to it when thus conflned in a limited space ; and 
if whilst we are pressing the bladder we piick a hol^ in 
it, the air then rushes out, we feel that the^rtttilHaiM Is 
gone, and the sides of tho bladder are Squeezed 

together. 

23. And again, when workiog a fitn of bellows, it is 

the resistance of the air whlKk 'tra/lukiro to overcome by 
the force of the arms, eottlkMiites the labour of 

working the bellows ; and^ thow^si^kr of ^e hollows is 
stopped up, we presently find tlm H is impossible to go 
on working the bellows any longer, because having forced 
in as much air as it can hold, td^ natural tendency ot 
the air to resist compression presents any mbro from 
entering. 

24. Although we are so forgetful of the very existence 
of the air, it is of the greatest impoHaned to all our daily 
occupations, and even to life itself. Without air nothing 
could burn ; we could have neither flres nor lights ; and, 
indeed, without air neither animels nor plants could live. 
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for it is just as essential to the life of animals as it is to 
the growth of plants and the burning of coals and 
candles. 

25. If a lighted candle is put into a largo glass bottle, 
and the mouth of the bottle is the n stopped up, the candle 
soon gets dim, and in a short time goes out : the air is no 
longer able to keep it alight. If we put a second lighted 
candle into the bottle it will go out immediately. Were 
a living animal substituted for the lig];ited candle, after 
living for a certain time in a confined portion of air, 
it would die, and a second animal placed in the ^ir would 
immediately expire. 

26. The question now will naturally arise — Is the whole 
of the air then spoiled or used up ; and if it isji why does 
not fresh air enter the bottle and supply its place ? The 
truth is, only a small portion, about one-fifth of the 
bulk of the air, is able to feed the fiame of a candle ; the 
remainder, which cannot feed fiame nor the life of an 
animal, is of a different kind from the air which can ; and 
we find that the common air which we breathe is a 
mixture of two kinds of air, or gas, as it is called by 
chemists; — the one kind, which we might call good air, 
which supports the life of animals, and is cs&ential to the 
burning of fires and candles : and tho other, or bad air, in 
which animals cannot live, and which immediately puts 
out fire and lights. 

37. Chomists call the good air Oxygen, and the bad 
air Nitrogen, or Asote : but we must not suppose that 
because the nitrogen appears thus useless, it is really so ; 
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for it is, in fa6t, of very great importance, as we shall 
hereafter see. In the experiment just mentioned of 
burning the candle in .a large bottle, the oxygen is all 
combined with the elements of the tallow, for which they 
have a strong affinity, whilst the nitrogen is left unchanged 
because it cannot combine with them ; for the same reason 
also, it puts out a fresh lighted candle plunged into it. 

28. Oxygen, when obtained pure, and separate from 
any other substance, is a gas like common air in its 
ordinary characters, but remarkable for the very brilliant 
manner in which all kinds of combustible matter burn in 
it. Oxygen may be breathed with safety, but it causes 
all the functions of the animal system to be carried on 
with great vigour and rapiditjr, so much so, that an animal 
breathing pure oxygen would be soon destroyed, from 
the very powerful effect which the gas would have on 
its organs. Oxygen has a strong affinity for most of 
the other elements, and combines with them to form a 
numerous and important- series of compounds. 

29 . Nitrogen, though it resembles oxygen in appear- 
ance, yet differs from it very remarkably in chemical 
characters ; it extinguishes ffame, and cannot support tho 
combustion of any substance ; it is irrespirable, suffocating 
animals if they attempt to breathe .it pure, and seeming 
to have very little affinity for other elements ; at least 
under ordinary circumstances, it shows very little tendency 
to combine with them ; under particular circumstances, 
however, it doed form oompounds, (147, 163) and some of 
them arc very curious and imporiant. Common air 
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consists of oit^part of oxygen to four ^ parts of nitrogen : 
it is a mixture^^f^ a compound. 

30. When a candle burns, it gradually di^e|i|>cars ; it 

grows sl)orter|||^k|^|iprtcr, and at last, when all the 
tallow is <^ut; but* we must not 

therefore Aipposc utterly destroyed. A change 

lias taken place : th^Mlow, or rather its elements, liave 
combined with the oxygen of a portion of air, and two 
new compounds, one of whisi||te agas or kind of air, are 
produced. If we put a piece salt into water, it will 
get less and less, and at last will disappear altogether, 
having wholly dissolved ; but the salt is not destroyed, it 
is only dissolved in the water. 

31. Now we may comparp the burning of a candle to 
dissolving a piece of salt ; for all the solid matter of the 
candle remains diffused throughout the air, after it is 
burnt, just ns the salt remains dissolved in the water, but 
with this difference, the salt is dissolved in the water, 
hut not combined with it. The elements of the tallow 
are dissolved in the air, but they have combined with a 
quantity of oxygen, because they have a strong affinity or 
attraction for it. If the solution of salt is left for some 
time in a warm place, the water evaporates, and w-o get 
the salt again, unchanged ; but in the case of the candle 
its elements have combined with oxygpft, and they cannot 
bo separated again from it except by the action of some- 
thing, which, having a more powerful attraction for the 
oxygon than it has for the elements of the candle, causes 
it to relinquish them. 
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32. There are substances which havo sufficient attrac> 
tion for the oxygen to efihet this : wo cannot got back 
the tallow, it is true, but we may obtain its elements, or tlio 
simple substances of which ft was composed. What has 
been said with regard to theburniag|jBfa candle is equally 
applicable to the burning of wood, coal, or in fact any 
combustible matter* In all ordinary cases they burn in 
consequence of their affinity for the oxygen of the air, 
and they are never destroyed when burnt, for their clc- 
mciits may always afterwards be found combined with 
oxygen, in the air in which they havo been burnt. 

33. It must also be remembered that when the candle 
goes out for want of air, it does not do so betauso all the 
oxygen is burnt, but becausq the elements of the candle 
having combined with all tho oxygen of the air, or, as it 
were, satuiatod it, there is ;io more free oxygen left to keep 
up the combustion of the candle. 

34. The changes occasioned by chemical action fre- 
quently proceed slowly and quietly, but in many cases, 
and especially when substances combine together which 
have a strong affinity for each other, a great deal of heat 
is given out. Sometimes as soon as two substances arc 
brought togetheni they combine directly, and bocomo very 
hot ; this is the case in the slaking of lime ; but it most 
usually happens that tho more bringing together of two 
Bttbstanees, even though 4hey have an affinity for each 
other, is not sufficient to cause them to combine. 

35. In these eases comUnation cannot take place until 
the substances are boated up to a certain point. Thus, 
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charcoal has a strong affinity for the oxygen of the air, 
yet it cannot combine with it whilst both are cold ; but 
as soon as a part of thi^lkfiircoal is heated red-hot, com- 
bination commences, and this yery act evolves so mucli 
heat that the surrounding parU of the charcoal soon 
begin to b Ull Bfind thus the combustion^ or combination 
of the charoo$ with oxygen, eontinuhs and increases until 
eitlicr the charcoal is all burnt, or tbe oxygen in the sur- 
rounding air is saturated with carbon, and therefore unable 
to cause the combustion any more. , 

3C. The common operation of lighting a fire i.. a daily | 
illustration of this. The fuel contains carbon, or char- 
coal, ready to combine with the oxygen of the air, hut 
unable to do so, until, by applying a light to it, we heat 
a portion up to the point required to commence com- 
bination : after which the heat given out by the chemical 
action going on keeps it alight, and causes the combustion 
to spread to the sun*ounding fuel. 

37. The atmosphere is composed chiefly of two different 
gases, called oxygon and nitrogen : but besides this, it 
also contains a small quantity of a third gas or kind of 
air, which is not simple, like oxygen and nitrogen, but 
a compound of charcoal {hy chemists named carbonI 
with oxygen, and called carbonic acid gas (108). 

38. It is known that all things containing carbon will 
produce a quantity of tihis gas whilst burning ; and 
hence wo can have no difficulty in accounting for its 
presence in the a}r. Indeed we might at first suppose 
that it must bo always iuoreasing in quantity ; this, 
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however, is not the ease, for we always find exactly the 
same quantity in any portion of air that we analyse, 
f The cause of this is, that all plants contain substances 
^ which have a very strong affinity for carbon, but which 
cannot combine with it in its solid forms, because they 
are unable to come in contact with it ; but j^hich, when 
the carbon has combined with oxygen and become a 
part of the air, are able, in consequence of their having 
a more powerful attraction for it, to seize upon the 
carbon of the carbonic acid gas thus diffused throughout;^ 
the air and cause it to' relinquish the oxygen, with whioli;; ' 
it was previously, combined (6d7, 708). 

39. These facts show us a new usc|p^p^ftnt%^fpr we 
learn that the objects which we have only admired for 
their beauty, or valued for their utility as producing 
Ai1icle^||| food r that even weeds themselves, and things 
we Usullly consider as wholly useless, are ail constantly, 
by the agency of attraction or chemical affinity, decom- 
posing carbonic acid gas, a,nd thus keeping the air in an 
unififrm and healthy state (745). 

40, The air then always ctotains tf regular proportion 
of carbonic acid gas^ which is constancy produced by the 
burning of combustibles, and many other ways, and 
as constantly decomposed by the acUoh of plants. As ' 
we are how only considering ^6 properties and nature of 
the air, we will, for the present^ pass over further consi- 
deration of, carbonic acid gas, to which we shall shortly 
return (1 08) when Btudying the nature of carbon, and 
merely mention now, that it is of the greatest importance 
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to the life of plants, being the principal source from 
whence they derive the carbon necessary for their 
growth. 

41. The air always contains dissolved in it some 
water, or rather vapour, which varies in quantity accord- 
ing as the air is hotter or colder. When it is hot, a larger 
quantity of water is evaporated or converted into vapour, 
and dissolved in the air, which in consequence becomes 
more damp ; whilst, on the other hand, when the air be- 
comes cold, the vapour in the air is condensed, return- 
ing to the state of water, and the air becomes dner. 

42. This, of course, is modified according to circum- 
stances ; thus, in dry barren countries where the ground 
contains but little moisture^ the air, when it becomes hot, 
remains comparatively dry ; whilst in moist or swampy 
countries, under similar circumstances, the air becomes 
damp from the abundance of vapour given off; and 
thus some of the principal differences of climate 
depend mainly upon the quantity of water dissolved in 
the air. 

43. The solution of water in the air may easily bo 
scon, by observing the steam issuing from the spout of a 
tea-kettle. When the water boils strongly, and there 
is a large volume of steam coming out of the spout, wc 
observe that just where it comes out, the stean^ is almost 
invisible ; at a little distance it becomes white and 
cloudy, and when it gets further out into the air it soon 
disappears and is again invisible. The reason of this is, 
that hot steam is quite colourless and invisible, like air ; 

o 
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and it only becomes apparent to ns wben it is partly 
cooled by rushing out into the cold air, and thoreforo is 
beginning to condense, and it would fall to the ground 
in a shower of little d^ps like rain, if it were not dissolved 
and carried away by the air, as fast as it issues from the 
tea-kettle. When a large quantity of steam is quickly 
cooled, as in escaping from the funnel of a steam-boat, 
it is condensed and falls in the form of water. 

44, The quantity of moisture in the air is 

apparent to us, whenever a cold substance is ^ 

it ; this cools the vapour in the air so much, is 

condensed and appears again as water, in little drops ^ 
the cold surface : thus a bottle of cold water brought 
into warm damp air, speedily becomes covered on the 
outside with dew, or Watqj |^08 condensed from the 
air. 

45. The substance nezi m unpgrtnnco to air is water, 
which exists natuially in three different states : namely, 
in the solid state as « ice ; in the fluid state In its 
ordinary condition ; and lastly, as vapour or steam. 
These three states of water ore familiar to every one, 
but few are aware what causes the great difference 
between, them. 

46* When ice is placed befgre the fire; or exposed to 
the Bundilnef Or in any other way; warmed, it absorbs 
heat, it melM^and becomes water ; and when water is 
heated, it assunies the form of steam or vapouh The 
difference between these three forms of water is entirely 
caused by the quantity of heat th^y contain ; and wo 



LATENT heat; 


19 


may truly say that whter compound of icc and heat, 
and that steam is a compound of water and heat. 

47. Although this seems very like chemical action, it 
is really quite different, and must not be confounded with 
it. Chemical action can only take place betwen material 
substances, or those that have weight ; now heat is not 
a substance — ^it is not a thing we are able to weigh, like 
all the chemical elements, and consequently when it 
combines with any substance it only alters the appear- 
ance and outward characters of that substance, but does 
not at all change its chemical properties or nature. 

48. When heat is thus combined with a substance ic 
is said to be latent (hidden), which means that it is not 
sensible to the feel. This, will be easily understood from 
a very simple experiment. If we put some water in a 
kettle on the fire, we find that it. will soon begin to feel 
warm to the hand if immersed in it ; the warmth which 
we then feel is called free ot sensible heat : but if we 
put some ice into the kettle in place of water, it will not 
become warm so soon, the ice melts, but the water thus 
formed will remain ice-cold until the whole of the ice is 
melted, because all the heat supplied to it by the fire is 
absorbed or combined with the ice in melting ; and 
therefore as the heat so absorbed does not mako the 
molting ice any warmer, it is called latent# When all 
tlio ice is melted, the Water will begin to get warth. 

49. In the same way heat is absorbed, or render^ 
latent, when water is converted into steam. If a Settle 
full of cold water is placed on the fire it rapidly becomes 

c2 
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hot, until it begins to boil v but as soon as that is the 
case it remains constant at tjie same temperature. The 
fire of course continues to giro out as much heat as it 
did before, but the water does not become any hotter, 
the only change is that a sn^all portion of it is converted 
into steam, and this steam is not apparently any hotter 
than the boiling water itself was. All the heat of the 
fire therefore becomes latent, and is combined with the 
water in thus changing it into steam. 

50. When steam is condensed, all that heat which 
became latent during its formation, is given out again in 
the free and sensible fbrm. This fact is well shown in 
all stills, in which we see how large a quantity of cold 
water is necessary to cool and, ediAsnse a comparatively 
small quantity of any steam or vajpBar* l||n gallon of 
water is converted into steam, the^liteam formed will not 
be sopsibly any hotter than boilin^'trater, yet it contains 
so much latent heat that if it% condensed into the 
liquid form again, we shall obtabt a gallau"^of boiling hot 
water, and heat enough will be givenfjnut during its 
condensation tp raise seven gallons more of cold water to 
the boiling point. 

51. The veiy large proportion of boat which steam 
therefore contains in this latent state, shows why steam 
is such an excellent means of conveying he^t about from 
place to place, as in the arrangements for warming 
buildings, heating coppers, &c. It is quite as hot as so 
muelf boiling ^ter, and, in addition, has nearly seven 
times as much heat thus stored up in the latent form, 
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which becomes seusible, however, as soon as it is 
condensed. 

52 . The general effect of heat upon substances, 
whether solid, liquid, or gaseous, is to expand or make 
them larger ; thus whenever we heat a portion of water 
or any other fluid, it increases in size : upon this fact 
the construction of the common thermometer depends, 
which consists of a bulb and tube contiuning a certain 
bulk of mercury, or quicksilver ; when this is heated it 
becomes lai'ger, and when cooled, the mercury shrinks, or 
occupies less space than it did before. 

53. When a substance expands or becomes larger, it 
of course becomes lighter. If ten measures are expanded 
by heat to eleven, it foUqws that ten measures of the 
heated substance must weigh one eleventh less than ten 
measures of it when cold. For example, air, when 
heated, becomes lighter, and consequently rises, because 
becoming larger, it weighs comparatively bulk for bulk 
less than the cool air around. 

54. Air, like water and solid substances, has weight or 
gravity ; it presses downwards towards the centre of the 
earth, and as the bulk of the air is very great, the whole’ 
weight of it pressing on the surface of the globe must be 
enormous. It is important tc distinguish between the 
weight of air, and the weight of the atmosphere. By 
means of a light glass globe, an air-pump, and a good 
pair of scales, we can readily ascertain the weight of a 
cubic foot of air, and we find that under ordinary 
circumstances it weighs thirty-one grains. 
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55. The weight of the atmosphere is, however, the 
accumulated weight of many thousand cubic feet of air, 
for the air surrounds the earth to a height of many miles, 
floating upon its surface, and pressing downwards in 
consequence of its weight or gravity. The weight of 
the column of air which rests upon any given space or 
surface, may bq known by the use of the barometer ; and 
is found to be about two thousand pounds on the sqiSilre 
foot. 

5G. The barometer consists of a glass tube nearly a 
yard long, closed at one end, fllled with memry, and 
inserted in a cup of the same heavw^qtiid. ^he height 
which the mercury stands in tube, is an exact 
measure of the weight of a qolumn of air of the same 
size as the diameter of the tube, but as high as the 
wliolo atmo^bere. The mercury in the^tube being very 
heavy, presses downwards, and t^l|;#i^ft in the tube ; 
but the air without, wBich;^ iljP^'^esses downwards, 
resting on the mercury in^^tie cup, exactly counter- 
balances the weight of the mercury in the tube, and so 
keeps it from falling. 

57- When from any circumstance the weight of the 
atmosphere is for a time diminished, it counterbalances 
a less weight of mercury, and the column of mercury in 
the tube of the barometer' falls *, on the other hand, 
when the weight of the air ta|mae8| the mercury rises. 
These floetuations in the wcip&ir the air are constantly 
going OH with the changes m the weather, and con- 
sequently the barometer is a most iwluable instrument, 
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because it renders evident to us the changes in the 
nir, which being invisible we should not otherv^ise 
know of, 

58. The higher we ascend in the air, cither by going 
up a hill or by means of a balloon^ the less weight of air 
shall we have above us, and consequently the shorter 
will be the column in the barometer. Hence the use of 
that instrument in measuring heights. The mercury 
falls about one inch for every thousand feet as we ascend 
from the level of the sea. 

59, We do not feel the weight of the air at all, 
because it presses equally in all directions, and com- 
pletely surrounds us. The weight of a column of air 
resting on a table four feet^ square, is about fourteen tons ; 
but this weight does not press upon the table, it is 
met by a corresponding pressure upwards, from the 
air below the table, due to the weight of all the 
surrounding air. 

GO. In moving through the air, therefore, we merely 
displace it, or move it aside ; but as we do not disturb 
this equilibrium, or the equal pressure in all directions, 
we do not feci its weight. On plunging the hand into a 
pail full of water, we feel very little of its weight, only 
in fact that of the small portion which we displace, 
because it is much heavier than air is ; but if we attempt 
to lift up the whole pailful, we then feel the weight of 
the whole bulk of water* 

61 . Flame seems to ascend in the air, this is not because 
heat has any tendency to ascend, but because it expands 
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the surrounding airy makes it larger, and therefore spc- 
ciiicallj lighter than the cold air is, and the latter there- 
fore, displaces it and causes it to rise* Hot air, though 
it rises in the air, nevertheless has weight, though it is 
not so heavy as cold air* A piece of cork falls through 
the air towards the surface of the earth, it has weight ; 
yet the same piece of cork rises upwards through water 
till it reaches the surface. As the cork does not faljl 
downwards in water, but rises upwards, so heated Mr 
ascends in the atmosphere ; not because it has no 
or gravity, but merely because bulk for bulk it ha|pqilit 
weight than the surrounding cold air. It is for preci^ly 
the same reason that a balloon rises in the atmosphere. 

62. It is, in fact, a general |^utey,^t when substances 
are heated, they expand; wheuf^ter is heated, it 
becomes larger and lighter, aiweeusequently rises 
through the cooler portions abovc|K"'dust the reverse 
of this happens when substauoeswiNi cooled ; they then 
become smaller and heavier. 

63. There is one remarkable excepjflts^liS this rule in 
the case of water; when water is cool^ it contracts, and 
this goes on till very near the freezing point, but then the 
water be^as to expand, and in place of continuing to 
contract, as all other liquids do, it becomes larger ; this 
leads to a very important resnlt in Nature*. When the 
air above the surface of a lake or pond becomes cold, as 
towards the end of autumn, it gradually cools the surface 
of the water ; the upper part becoming cold/ shrinks, 
and consequently becomes heovier, it ther^ore sinks 
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through the warmer water. . This circulation or gradual 
sinking of the cooled water goes on, if the air continues 
cold, until the whole of the water is very near freezing, 
but then it 8tops> because if the surface still goes on 
cooling, the water begins to expand, becoming larger 
again and consequently hghtcr ; the surface, therefore, 
gets colder and freezes, whilst the lower part of the water 
remains considerably above the freezing point. If it 
were not for this curious fact, water would continue to 
become colderi until the whole of it froze together. 

64. In passing from the liquid to the solid state, some 
substances contract, such as melted lead for example, 
whilst others expand ; thus ic6>cold water, in freezing, 
expands very .considerably, and therefore ice is even 
lighter than the i^ater on winch it is fohned. It is for 
this reason that ice floats on water, and if the ice did 
not expand in forming, the curious fact just mentioned 
would not prevent lakes and ponds from freezing entirely, 
because the ice, if it contracted in forming, would then 
sink through the water to the bottom, and thus soon cool 
the whole mass of water. 

65. This expaiuiou of water in the act of freezing, 
takes plaoo with immense force, giving rise to the bursting 
of water pipes and vessels fiiU of water, in cold weather. 
It is often supposed that this effect is occasioned by the 
thaw, and not by tho frost. This is a mistake ; the mis- 
chief is caused by expansion at the moment of freezing, 
though we only discover it on the approach of warm 
weather, when the ice begins to melt* Another, and very ^ 
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important natural result of this power, is the disintegra- 
tion or breaking up of rocks, stones, and soils by frost, 
during winter. A few drops of water, in freezing, are able 
to break asunder the hardest rocks, and this effect year 
after year, ^gradually destroys them, causing them to 
crumble down into powder (647). 

66. It has already been stated that water is not an 
elementary or simple substance ; it is a compound, and 
consists of two gases. This fact at first seems incom- 
prehensible, for we can hardly believe it possible that a 
hard and solid substance like ice, or a weighty fluid like 
water, is composed of colourless and invisible gas. The 
difficulty, however, greatly diminishes when wo remember 
that heat alone, without adding any thing to il\p weight of 
ice,' converts it into water, and that a little more heat will 
convert that water into an invisible colom^less vapour ; 
for, as has already been said (43), ppre^f^^viteam is quitq(^ 
invisible, and only becomes vMtSe to US when partly' 
condensed by the contact of thetgoldor air, which de- 
prives it of the heat necessary to^lssep it in a state of 
vapour (43, 73). 

67. The consideration of these facts isakes the com- 
position of water appear far less wonderful ; we have 
little difficulty in believing that steam is c^^osed of two 
gases, and 'we know that steam, water/and ice, arei 
chemiedUy speaking, the same/ 

68. One element of water is oi^gen gas (28), that part 
of the air which is so essential^ to life and combusti6n : 
it constitutes eight-ninths of the weight oi(,ic6, water, 
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nnd steam. One thousand parts of water, therefore, 
consist of 

889 parU of Oxygen 
111 „ Hydrogen 

1000 „ Wdtci. 

G9. The other element, or the remaining one-ninth, is 
called hydrogen gas, or inflammable air, because it is very 
combustible, being the basis of the common coal gas used 
for lighting the streets, and entering into the composition 
of the inflammable air or fire-damp of mines, and many 
other combustible substances (82). 

70. Water is not like common air, a mere mixture of 
two gases: it is a compound, and therefore is quite 
different in its properties from either of its two elements# 
The very inflammable gas, hydrogen, having combined 
with a certain quantity of oxygen, which is tho great 
promoter of combustion, forms water ; a compound which 
we always rcg..4a as the greatest enemy to fire or com- 
bustion. 

71. Tho purest kind of water which occurs naturally 
is rain-water, for all others, such as spring, river or sea- 
water, arc more or less contaminated or rendered impure 
by substances dissolved in them. Thus sea-water con- 
tains along with other matters, u large quantity of common 
salt, which in some places is procured from it by expos- 
ing it in shallow pits to tho heat of the sun : this causes 
the water to evaporate, and leaves the salt behind. 

72. The composition of sea-water from different parts- 
of the worl^ is found to vary slightly. The following 
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table shows the composition of 100,000 parts of sea-wator 
from the English Channel. (Schweitzer.) 


Water .... 

. 

. .%,474 

Common Salt 

, 

. . 2,706 

Chloride of Potassium 

. 

70 

Chloride of Magnesium . 


. . 366 

Bromide of Magnesium 

. 

3 

Sulphate of Magnesia 

. 

. . 229 

Sulphate of Lime 

. 

140 

Cai bonate of Lime 

. .. 

. . 3 

Iodine 

. 

. traecs 

Ammonia 

• 

traces 
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73. Water may bo artificially piilifi^ tfy distillation ; 

when heated and raised into vapoiB^ att:ili0 impurities are 
left behind, and accordingly con^is^ steam is porfectly 
pure water ; there are n^erous contrivances for thus 
purifying water. The cA&unon siHl, whkik consists of a 
vessel to generate steam iif, and Jiipe^^afiuig thiough a 
tub of cold water, to condense the is a familiar 

example. 

74. This explains why rain-water is much purer than 
other sorts of water, because when the heat of the sun 
evaporates water from the surface of the earth, all the 
impurities which it contains are left behind; and of 
course when this vapour is cooled and falls down in the 
form of rain, it must be very nearly pure. 

75. Springs, which rise from the ground, always con- 
tain earthy matters dissolved in them, which vary in 
nature and quantity, with the soil through which the 
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springs rise. The presence of these impurities in water in 
any quantity gives to it that peculiar character which is 
termed hardness. Sometimes springs contain a small 
quantity of iron or sulphur, and other substances, which 
constitute the many varieties of iulneral waters. These 
’natters, like the more common earthy impurities, are all 
derived from the beds of stone, sand or clay, through 
which the springs rise ; because the source of all springs is 
rain ^'atcr, which, falling pure from the clouds, becomes 
contaminated by filtering through the earth, and collects 
in holes and cavities, or porous beds of sand, constituting 
springs and wells. 

7^). Tho quantity of saline and earthy matter in 
spring- water varies from al^out 20 grains to 1800 grains 
in the gallon ; when above 100 grains per gallon, it con- 
stitutes a mineral water. The average quantity in ordi- 
nary spring-watei^ is from 20 to 80 grains. The most 
common salts are Sulphate and Carbouatc of Lime 
(230), Sulphate, Muriate, and Carbonate of Potash 
and Soda, 

77. Thames-water contains usually from seventeen to 
twenty-four grains of earthy and saline matter per gallon, 
and of this at least fifteen grains consist of carbonate of 
lime. The same quantity of Few River water contains 
about nineteen grains of solid matter, and that of tho 
River Lea nearly twenty-four grains. The chief consti- 
tuent in both these waters is also carbonate of lime. 

78. The proportion of solid matter is almost always 
greater in well-water, tlian in that of divers. A great 
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number of other eubstances beside those just mentioned 
arc occasionally found in mineral springs ; amongst these 
are silica, alumina, ozides of iron, and manganese, salts 
of baryta, strontia, magnesia, ammonia, be, 

79. The presence of phosphoric acid in some waters 
has recently been dkeovered (194). The following analysis 
of the deep well-water from below the London clay, shows 
the presence of a considerable quantity of phosphoric 
acid. Ten gallons of the water contained five hundred 
and sixty-four grains of saline matter consisting of 


Carbonate of Soda • 

. . 

. ii6 

Sulphate of Soda 

. 

. . 242 

Chloride of Sodium 


. 127 

Carbonate of Lime 


. . 62 

Carbonate of Magnesia . ^ . 

, 

. 10 

Phosphate of Lime . 


. . 1 

Phosphate of Iron • • 

. 

2 

Sihea . . 4. 

► 

. . 4 


In ten ^llons* ^ . . ,^4 grains. 

80. Besides these saline earthy substances, water 
always contains atmospheric air dissolved in it. This is 
essential to the life of fishes, and to the growth of water- 
plants, which could not exist if they were not thus 
supplied with common air. 

81. Water is essential to the exktence of all plants 
and animals : it constitutes a large portion of aU animal 
and vegetable substances, it is the principal component of 
the blood of animals, and the sap of plants, and is of the 
greatest importance, as being the moans of introducing 
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into their systems many soluble matters^ necessary for 
their healthy growth. "" 

82. Hydrogen, the inflammable element of water, is 
a substance of considerable Interest ; it is true, it is 
never found in Nature in a pure and separate state, but 
its compounds are abundant, and some of them very 
important ; when pure, hydrogen is an invisible trans- 
parent gas, like the air ; very combustible, burning 
readily when once inflamed, and remarkable for being so 
much lighter than common air, that a thin bladder, fllled 
with this gas, would rise through the air in the same 
manner that a bubble of common air rises through water. 
Balloons are sometimes filled with pure hydr,ogen gas, 
but more commonly carburetted hydrogen is employed, 
which, as it consists in great, part of hydrogen, is much 
lighter than common air. 

83. The most important of its compounds are water, 
which is formed by its union with oxygen ; ammonia, a 
gas which it forms by combining with nitrogen ; and 
carbiircttcd hydrogen or coal-gas, an inflammable gas 
consisting of hydrogen and carbon. The two latter will 
shortly come under notice (131^ 148). 

84. As hydrogen is the lightest gas khown, it* is ^ 
often employed by chemists as a standard of comparison 
in expressing the relative weight of all other gases. By 
weighing a thin glass globe filled with hydrogen,' and 
then having pumped that gas but of it byiheansof an 
air-pump, and filled the globe again with any other sort 
of gas, a second weighing gives us the comparative 
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weight or sfecijk gravity of the gas as compared with 
hydrogen. Suppose, for example, that the globe held 
exactly ten grains of hydrogen and twenty-five grains of 
the second gas, then it is plain that the latter is twice 
and a half as heavy as hydrogen is ; or, that taking 
equal volumes of both, that of the gas would weigh 
twice and a-half as much as the hydrogen would. We 
should say then that the specific gravity of that gas was 
2ii or 2*5, taking hydrogen as the standard of unity. 

85. The following table shows the weight in grains of 
several gases which a bottle containing one hundred 
cubic inches, or about three pints, would hold ; and also 
the specific gravity or relative weight of the same gases 
compared to hydrogen, and also to common as a 
standard 



WeiffbtlnOndfif 
of 100 Cubic 
ioebea 

. 


MUriHoGraviiy 
cennafM to Air» 

rpi^a «t looii 

Hydrogen • . 

2 

l,o|^ 

68 

Common Air 

31 



Oxygen . . . 

34 


1,109 

Nitrogen 

30 


971 

Carbonic Acid Gas 

47 



Ammonia . • 

18 



Chlorine 

76 

HHI 

2,470 
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CHAPTER II. 

CARBON — NITROGEN — ^SULPHUR — CHLORINE — 
PHOSPHORUS. 

86. We now come to the consideration of an elementary 
or simple substance, which has been already more than 
once alluded to, namely, carbon or charcoal. Carbon 
is the name applied to the pure element, but common 
charcoal is so nearly pure, that we may consider the two 
words as meaning the same thing ; it is an essential 
part of all kinds of fuel or pombustible substances, during 
the burning of which it combines with oxygen, and 
forms carbonic acid gas, the substance before adverted to 
as always existing in the atmosphere (37). 

87. The forms of carbon which we are accustomed to 
see, are almost all black, like common charcoal ; but this 
is not the case with all the varieties of carbon, for we 
know that the brilliant transparent gem called the 
diamond, is really pure carbon, there being no ehemical 
difference between that gem and common charcoal. 

88. There are many substances in Nature which exist 
in two or more different states, presenting very dissimilar 
appearances, but being really chemioidly the same. 
Thus, chalk and , marble are very different-looking 
substances, but they are composed of precisely the same 
elements ; the difference between them is not caused by 

n 
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heat, like the difference between the three states of water, 
but is wholly of a mechanical nature. The particles 
composing a piece of chalk are much smaller than those 
composing a piece of marble, which are in fact compound 
particles, consisting of many joined together, and hence 
a piece of marble appears made of many little grains, 
whilst chalk is composed of particles so small that we are 
unable to distinguish them, and therefore appears to be 
a uniform substance. 

89. The power which holds together the little particles 
composing the piece of marble or chalk or any other sub- 
stance, is called cohesion, and this power varies in 
strength in different substances ; thus it is far stronger in 
marble than in chalk, and hence a piece of marble requires 
a much harder blow to break it,' than a piece of chalk. In 
the same way we say that the particles composing the 
diamond, are held together more firmly by cohesion thpr 
the particles composing a piece of charcoal. Cohesion is, 
of course, quite independent of chemical attraction, for it 
holds the different particles of a substance together, con- 
stituting its mechanical strength ; whilst chemical affinity 
binds together particles of two different substances, 
forming a compound substance, but does not in any way 
affect the strength of the compound to resist mechanical 
force applied to it. 

90. Under common circumstances, carbon is one of 
the most unchangeable things we know ; neither air, 
water, nor any of the substances commonly found in 
nature, have any action upon it and hence the practice 
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of charring the lower parts ot wooo gfc p osts, whiph are 
intended to be driiren into the groun^|||^e coat of char- 
coal thus formed^^^plfttects the wood ttom decay for a 
much longer period than if not charred (882). When, 
however, carbon is heated, its 'chemical affinity for oxygen 
is greatly increased, anA^t no longer appears to be the 
unchangeable substance wtlich it is whilst odd. 

91. Carbon has been already stated to be a necessary 
element of plants, which though so various in form and 
colour, are nevertheless composed of very few elements. 
They consist almost wholly of oxygen, hydrogen, nitrogen, 
and carbon, which by combining in different proportions, 
form all the principal parts of both plants and animals. 

92. The greater number of vegetable substances con- 
sist wholly of oxygen, hydrogen, and carbon ; whilst 
animal matters mostly contain/ in addition to these three 
elements, a quantity of nitrogen : some of the compounds 
of plants, however, resemble animal matter in containing 
nitrogen. When wood is charred, or decomposed by 
heat, its elements are separated from each other ; the 
hydrogen and oxygen combine together and form water, 
whilst the carbon is left behind. When wood is burnt 
in the open air both its hydrogen and carbon combine 
with oxygen, causing flame ; the combination of carbon 
with oxygen proceeds slowly and steadily, the carbon 
continuing ta glow until all is consumed ; hydrogen, 
on the other hand, being a gas, mixes and combines 
with oxygen more rapidly, burning at once, with a flame. 

93. All organic substances burn with a flame, and this 

D 2 
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alone, is a proof they doiitain hydrogen, becahse 
tinder ordinary, circumstances the other elements of 
vegetable matter could pot Cause ftime; and whenever 
the flame is bright; we are sure , that it conlains a good 
deal of carbon, for the flame of pure hydrogen is very 
pale indeed; and the brightnesr of a flame, such as that 
of a candle, is entirely due to the carbon contained in 
the tallow, which is burned at the same time with the 
hydrogen, both combining with oxygen. 

94. As the products of the combustion of a candle 
* are* carbonic acid gas and water, it would be natural to 
expect that a cold substance held over the flame of a 
candle would take from the vapour of water thus formed, 
the heat necessary to its existence in the state of vapour, 
and consequently condense it into the fluid form. This 
is an experiment which may vety easily be made, for we 
have only to hold a cold glass at a little vdfetance above V 
the flame of the candle, and we shall slmcfindit lined 
with a flne dew of water condensed in th&inanner. 

95. There are several important faots^ be observed 

connected with the combustion of a lamp pi^i^e. The 
wax, tallow, or other combustible substance, iiWdbrgoing 
decomposition ; and its elements, the Oomimstible sub- 
stances of which they are composed, are Gom|>ining with 
the oxygen of the surrounding air to form^^^ com- 
pounds; heat^ is necessaiy^^^ of these tvib changes, 

and this heat is evplved by the ve^ changeB themselves, 

; . 96. When a ;Cmi£e is Bghted is 

mehed, drawn up by oapill/^ wick. 
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and decomposed and oonVejM^ed i^to coinbus^^ 
this vapour burns as its elments eombine with the sur- 
rounding oxygen, and the heat which results from this 
chemical action renders the process continiious^ by causing 
the decomposition of fresh portions of the taUoyr, &c. and 
the consequent production of more combustible vapour. 

97. In ordinary flame therefore, several things are 
necessaiy ; aur and heat are of course .^quite essential. 
The heat evolved by the flame itself, causes a circulation 
of air (61), provides a sort of natural ventilation, and en- 
sures a constant supply of fresh air to the burning vapours ; 
on the other . Imnd this circulation, of air, by bringing 
fresh oxygen to the burning combustible vapours, causes 
the evolution of heat enough to ensure the combustion of 
the fresh vapours, which are about to bo given out. 

98. Every one knows well how necessary fresh air is 

^ perfect combustion ; the importance of h^at is not so 
evident, though it is really qmte as essential. The flame 
of a candle may be extinguished by a coil of wire, or by 
bringing a piece of cold metal in contact with its outer 
edge, and is frequently snuSed out ” merdy in consei- 
quence of its being cooled. - A candle, moved quickly 
through the air, flares aud .^ its combustion 

becomes imperfect, hecauseit is cooled* 

99. It is a necessary coosequenee' of this fact^ , 
flame cannot pass through a pieee^f #ire-^u 2 e, axid the 
miners safety-lamp merely consists a lamp surrounded 
with a cylinder of *wiie gause* A lampAus protected, upy 
Bfrfdy be taken into ae c»p^ mwdbure^^rf 
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buretted hydrogen, the flame may be put out, the explosive 
gas may bum within the cyliilder„ but the flame cannot 
pass through the wire gauze to set fire to the explosive 
atmosphere without, because it is too much cooled by 
contact with the we gauze. 

100. It is evident that the combustion of a flame can 
only take place on its outside, or at that part at which it 
is in contact with the air, and as a necessary consequence 
of this, it follows that flame is hollow. It is only the 
outside of the flame of a candle that gives out light, the 
inside is dark, because no combustion is there going on. 
In a large flame this is easily shewn, because as no com- 
bustion is going on, no heat is given out, and conse- 
quently the inner 'part of such a flame is oomparativelv 
cool ; a small piece of wood or paper may be held in tlf| 
centre of such a flame, and it will hardly be singed, or a 
small spoon containix^ a portion of gunpowder may bep 
placed in the centre of the flame, and the powder will 
not be fired. 

101. The wick of a common candle requ^ coi^tant 
snuffing, because being in the very cenUe-idphe^me, 
it is in fact deprived of two necessary condlibs to com- 
bustion, namely heat, and fresh air ; composition candles 
with twisted wicks, on the other hand, do not require 
snuffing, because, ds the candle bums, the wick constantly 
twists outwards towards the edge of the flatne ; it is thus 
brought into the hottest part of it^ and at the same time 
is supplied wiUi fresh air, which causes it to bum. 

102* Smoke is merely combustible matter which is 
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unable to burn, because it caQnot come in contact with 
free oxygen, or does not roach it till it is too cold to bum. 
The production of smoke from a fire-place or furnace, 
may always be prevented, and in so doing a loss of heat 
is obviated. A great deal is often said about the burning 
of smoke ; this is a very difficult thing; it is far more easy 
to prevent its formatfon, than to bum it when once formed. 
It i^equires, however, constant care, and attention to 
prevent the production of smoke ; there is no reason to 
doubt, that at least nine-tenths of the dense black smoke, 
which contaminates the air of large towns, might be 
altogether prevented. 

103. Carbon is unable to combine with oxygen at 
common temperatures ; it requires to be heated before 
it can enter into combina^n with tliat substance ; but 
when a compound substance containing carbon is exposed 
’to the air, it usually happens that if the other elements 
which it contains combine with oxygen, the carbon also 
is then able to combine with oxygen, and forms carbonic 
acid gas. 

104. Thus when a plant dies and decays, its elements 
separate and form new compounds ; but the carbon is 
not set free in the form o^ black charcoal — ^it is slowly 
combined with oxygen to form carbonic acid gas (767). 

105. Hence we see that decay is very like burning, 
similar effects being produced by both ; only that the 
change which is effected by combustion in a short time, 
and accompanied with a great deal of jieat, is very slowly 
and gradually effected by decay, very little heat being 
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at^e same time eyolrei. In both cases carbonic acid 
is produced. 

106. This explains one great use of decaying vegetable 
substances in Ibanures ; they> of eourae, contain carbon, 
which is slowly combinmg with oxygen, and therefore 
always supplying the growing plants with carbonic acid 
gas, which is essential to their growth^ as they, being 
able to decompose it, thus obtain carbon (698» 708). 

107. Carbonic acid gas is produced in large quantity 
by the breathing of animals. A constant supply of fresh 
air is requisite for the support of life, and we know that 
if an animal is prevented from breathing or inhaling 
fresh air, it will very soon be suffocated. The chemical 
action which goes' on in the lungs of an animal, is just 
the reverse of thqitVhich takes place in the organs of 
plants ; in the latter ease, carbonic acid gas in the air 
is decomposed, and the carbon which it contai^ is 
appropriated by the plant ; whilst in the lunft^f an 
animal, carbonic acid is /armed ; for the oxy|^en of the 
air is found, on being expelled from the lungs, to have 
combined with carbon, apd become converted into carbonic 
acid gas. In fact, the process of breathing is very 
similar to that of combustiop, the same results being 
produced in either case (605). 

108. Carbonic acid gas is invisible and transparent 

like common air, slightly soluble in water, and remark- 
able for being much hcatier than air, and for extinguish- 
ing flame and destroying animal life ; it is called an 
acid, although ^ ^ ^ 
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taste, like vinegar, and the other common acids we are 
acquainted with : it will, therefore, be proper, before 
proceeding any further, to explain why it is called an 
acid, and in fact what is meant by that term. 

109. There exists in Nature a numerous class of 
substances which are called bases ; amongst which are 
potash, soda, and lime, &c. Now an acid is a substance 
that has a strong affinity for these bases, and which in 
combining with one of them forms a neutral compound, 
possessing none of the properties of either. 

110. Some acids are exceedingly sour, and very 
corrosive substances, like oil of vitriol, and aqua-fortis ; 
but when poured upon a base, such as potash or soda, 
they combine with it directly, and bothHhe add and the 
base lose their caustic and corrosive quqHties. 

111. These compounds of acidskand bases are usually 
called Salts, or saline compounds, and are very 
numerous ; for there are many acids, and many bases. 
Most of the acids combine with bases in two or three 
different proportions^ forming sub-salts, neutral salts, and 
acid, or super-salts. In the sub-salts the proportion of 
acid is not enough to more than half neutralise the base ; 
in the super-salts it is twice as much as is required to 
neutralise the base ; and in the neutral salts, as the name 
indicates, the acid and base are combined in single 
proportionals, or perfectly equal quantities (139, 141). ^ 

112. There is also a great number of salts called 
double salts : these are compounds of two similar salts ; 
thus there are double sulphates, like alumi the stdphate 
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«f Momiiia ana |iot^ (357) J ♦nd double phosphates. 
)Vke 'the phoqdwte ammooia and magnesia (253). 
These double salta are distinct compounds of the salts of 
vrbicb they consist^ and possess perfectly different pro- 
perties from either of their constituents; they may 
generally be made by merely mixing together solutions 
of their two componentSo The number of double salts is 
very considerable, but there is also an immense number 
of salts which do not thus combine together. 

113. Acids have a curious property of changing 
certain vegetable colours. The greater number of vege- 
table blue colours are by acids changed to red, and this 
property is therefore made use of by the chemist, to 
detect the presence of a free acid ; for this power of 
acids ceases immediately, when they are combined with 
bases ; because their powers are then neutralised (110). 

114. A very common illustration of this change of 
colour may be seen in the pickling of red ci$bage. 
Every one knows that red cabbages, as they ape called, 
are really dark purple or blue, whilst growing^^nd they 
only become red by tbe action of tho acid vinegar 
employed in pickling tbem ; the same effect would be 
produced if any other acid was employed. 

116. If now we add to some cabbage thus reddened 
by acid, a little alkali, either potash, soda, or ammonia, 
or indeed a portion of any base, the colour will soon be 
restored to its original blue ; because the acid is neutral- 
ised by the base. And if the base employed be ou9 of 
the three alkalies, cr their carbonates, such as conpuon 
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pearlash, which is the carbonate of .potash, the solution 
of cabbage will become green, because free alkalies, and 
likewise their carbonates, hare the power of turning 
vegetable blues green. 

116. Alkaline solutions hare also the property of 
turning certain vegetable yellows red, such, for example, 
as common turmeric ; these tests, as they are termed, 
are very easily applied, and papers stained with blue or 
yellow vegetable colours, are consequently most useful 
indicators of the presence either of free acid, or free 
alkali, in a solution. 

117. Although carbonic acid, bemg a gas, is * not 
perceptibly sour to the taste, like the strong acids just 
mentioned, it nevertheless combines with bases, and in 
so doing neutralises, or at least weakens to a consider- 
able extent, their caustic properties ; but as it has a far 
less powerful attraction for bases than most other acids 
have, it is veiy easily expelled from compounds contain- 
ing it, by the action of another acid, which seizes upon 
the base, and sets the carbonic acid gas at liberty. 

118. We have already spoken of the conversion of 
chalk into lime by heat, in which process the chalk is 
decomposed, certain matters being exp^ed or driven off, 
and the lime left caustic. Chalk or limestone *is a 
compound of carbonic acid gas and caustic lime, and 
is called a carbonate of lime (233). 

119. The carbonic acid is combined with the lime by 
so weak an attraction, that heat alone is sufficient to 
expel the acid, together with a small quantity of water 
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lAASx fte ehalk alwajn oontAuuk If a piece of chalk is 
mto aome Tinegar, or indeed into any sour liquid, the 
ckalk will be decomposed, and the carbonic acid will 
bubble through the fluid, until the rmegar or other acid 
is fully combined with lime, and its acid powers entirely 
neutralised* The same will happen with any other 
carbonate. 

120. In consequence of this gas being considerably 
heavier than common air (85), it frequently collects in 
caverns, cellars, and other similar situations, and Often 
occasions fatal accidents, suffocating those who ut]^$|iv» 
tunately enter the places thus filled with carbonic 

Its presence in such places in the air, in any quantity, 
may always bo easily ascertained, by letting down a 
lighted candle into the well or collar: if the caudle 
continues to biim, we know tliere is enough oxygen 
present to support the life animal ; whilst if the 
candle is extinguished we aii* certain that the place is 
full of carbonic acid gas, and thfmfore that it must not 
be entered, until the heavy giefs ha»,been dispersed by 
proper ventilation. 

121. Carbonic acid is also evolved in large quantities 
during the process of fermentation, and occasions the 
pricking taste and effervescence of cider, bottled ale, and 
other liquors. Common ale is allowed to ferment in 
open vessels, so that nearly all the carbonic acid formed 
during that process (424) is dispersed ; but hottled ale 
being confined in cloae vessels before its fermentation 
is completed, much of the Carbonic acid evolved sub- 
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scquently 19 pent up m the liquoir, and escapes from it in 
innumerable small bubblei^, when the cork of the bottle 
is removed. 

122. Carbonic acid, then, is Wstantlj being formed 
in several difierent ways ; it ir. produced during t^ 
combustion of all substances containing carhon, during 
the respiration of animals, during the decay o&almost all 
vegetable and animal substances, and during the process 
of fermentation. It is likewise, in many situations, 
naturally given out .by the earth in large quantities. 

123. To counterbalance all these sources of increase, 
there is only the power of plants already mentioned of 
decomposing it, by abstracting its carbon and setting 
free the oxygen again (106, ,698, 710, 746). 

124. When two ^substances combine together and 
form a compound, they unite in definite and invariable 
proportions. A given weight of carbon, ift burning, 
always combines with an uniform quantity of oxygen, to 
produce a certain weight of carbonic acid gas ; and this 
rule holds good in all cases of chemical combination, 
for it is one of the distinctions between mixture and 
combination, that we are able to mix two substances 
together, in any relative proportion we like ; but we are 
only able to make substances combine, in certain fixed 
proportions. 

126. Compounds do not always consist of equal parts 
of their elements, for they can consist of one part of one 
element, and one, two, three, or more parts of another 
element ; and indeed there omi ^frqqujSntly be formed 
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several difierent compounds, bj the union of two elements 
in various proportions. When, however, we mix together 
two substances which can unite together, they always 
combine ^n one of these fixed proportions ; and if there 
is more* Of the one element thaji is requisite to form the 
compound, it is left unaltered. 

126. Thus we know that every six grains of carbon 
or pure charcoal, require sixteen grains of oxygen to bum 
them perfectly, and convert them into carbonic acid ; 
and exactly the same quantity will be required whether 
the carbon is burnt in a few seconds, or slowly combined 
with oxygen by the gradual process of decay. If we 
were to try to combine six grains of carbon with twenty 
grains of oxygen, we shouldrfind that only si^eteen grains 
of the oxygen would combine with the charcoal, and the 
remaining four grains of oxygen would bo left unchanged. 

127« When we try to burn charcoal so that it shall 
get less oxygen than is requisite td, v^l^hvert it into 
carbonic acid, we find that it is poBlih>le to & so, but 
that the gas produced is not carbonic acid. Oerbon and 
oxygen are able to combine together in itford than one 
proportion ; and consequently, though vdiefi carbon is 
burnt in the air, or where it can get abundance of 
oxygen, it always forms carbonic acid, yet when burnt so 
that it cannot combine with a suffiaient quantity of 
oxygen to form that gas, it forms a different compound 
containing less oxygen, which is ciiUod.u3arbonic oxido. 

128. This compound is a trainpare!&t colourless gas, 
like carbonic acid, and resemUOs it alsocih bding totally 
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unfit to support animal life ; indeed, it appears to be far 
more dangerous than carbonic acid when taken into the 
lungs, even though considerably diluted with common 
air. It extinguishes flame, as might be expected, but it 
is itself combustible, burning with a pale blue flame, and 
at tho same time is conyerted into carbonic acid, in 
consequence of having acquired more oxygen from the 
air in which it has burnt. 

129. We frequently see on the top of charcoal or 
coke fires a pale blue flame, quite different in appearance 
from the usual bright flame of wood or coal : this is 
occasioned by carbonic oxide which is formed in the 
midst of the mass of burning fuel, where the carbon, 
being unable to get enough oxygen to form carbonic 
acid, produces this gas, which, when it reaches the top 
of the fuel, meots with fresh air, and combines with a 
further quantity of oxygen. When, however, a charcoal 
fire is burning slowly, a quantity of carbonic oxide 
escapes into the' air without being burnt intp carbonic 
acid: and its poisonous nature is often shown, when 
persons have foolishly placed a pan of burning charcoal 
in a close bedroom. The charcoal is not only abstract- 
ing the oxygen of the air and converting it into carbonic 
acid, which cannot support life, but is also forming 
quantities of the highly poisonous gas, carbonic oxide, 
the presence of which in a room, in any considerable 
quantity, is sure to destroy life. 

130. Besides these two compounds of carbon, there is 
yet a third, intermediate in composition between carbonic 
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oxide and carbonic acid, though very different from either 
in its properties ; this substance is oxalic acid, a strong, 
and very poisonous acid. Oxalic acid occurs in many 
plants, and may be easily formed artificially (503) ; it is 
a white solid substance, soluble in water, in which it 
forms a very sour solution; and has a strong affinity for 
bases. It has never been formed direct from carbon and 
oxygen. 

131. Although when carbon bums in the air it only 
combines with oxygen, it can, under some circumstances, 
combine with nitrogen, and also hydrcy^. Thus when 
vegetable matters decay under water, wa find that a gas 
is given off in bubbles which consist*^ hydrogen and 
carbon, and is therefore called carburetted hydrogen. 

132. This^gas is, as may be supposed, inflammable; 
burning in the air with a tolerably brightr^fiMHie, and 
forming, by the combustion of its two elemeGdi^ fratet and 
carbonic acid. This gas is foand in very large quantity 
in coal mines, where it is called fire-damj^ ahd occasions 
violent explosions, when a light is incautiously brought 
into a mixture of it and common air. 

133. In these cases the gas is mixedr with a quantity 
of atmospheric air, but the affinity of the carbon and 
hydrogen, of which it consists, for the Oxygen of the air, 
is not powerful enough to cause combination. When, 
however, a lighted candle or lamp is brought into the 
mixture, that part is immediately raised to the temperature 
at which combination can take place; the mixture takes^ 
fire, the flame spreads with veiy great rapidity, and in a 
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fe^ seconds the mixed gases are changed from air and 
carbiiretted hydrogen, into carbonic acid gas, steam, and 
nitrogen. At the moment of explosion the gases are 
very greatly expanded by the heat of the flame, and sub- 
sequently they are suddenly condensed, as the steam is 
cooled and converted into water. Carbonic acid and 
nitrogen alone being left, many of the dreadful accidents 
which occur in coal mines are less caused by the violence 
of the explosion, than by the suflbcating effects of the 
after-damp, as the foul air left in the mines after the 
explosion is termed. 

134. There are also many other compounds of carbon 
and hydrogen, in which different proportions of the two 
elements give nse to a great yariety of different substances: 
one of the most important of these* is the common 
coal gas, obtained by distilling or roasting coals in close 
iron vessels, and which is used for lighting the streets ; 
it differs from the flre-damp of mines, in containing 
rather more carbon. India-rubber, gutta-percha, coal-tar 
naphtha, oil of turpentine, &c., are also compounds of 
carbon and l^ydrogen. 

135. In expressing the composition of any substance, 
chemists are in the habit of saying that it consists of 
such and such proportions of its elements ; whatever 
quantity they may have taken for analysis, they generally 
calculate the proportion which a hundred or a thousand 
parts would consist of. Thus, for example, 550 grains of 
pure carbonate of lime contam 308 gruins of lime, and 
222 grains of carbonic acid ; hence 1000 grains must 
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i^ontain 560 grains of lime, and 440 grains of carbonic 
acid ; and 100 grains of carbonate of lime contain 56 
grains of lime, and 44 grains of carbonic acid. 

136. This is a very simple example, but it constantly 
happens that the composition of substances is not so 
easily expressed. 1000 grains of dry gypsum, or sul- 
phate of lime, consist of 412 grains of lime, and 588 
grains of sulphuric acid. The composition of 100 grains 
of such a substance is represented thus : 

Lime . . . 41*2 
Sulphuric Acid • . 58*8 

This merely means that one hundred grains contain 41 
and two-tenths of a gi^ain of lime, and 58 and eight-tenths 
of a grain of sulphuric acid: hence there is no real di£Fer- 
cnce whether we put the dot or not^ if it l|j|^scd, the 
figures behind it are known to be fractions ; if not, they 
are whole grains. 

137. Sulphate of lime may bo expressed either as 

Ume 0*412 4*12 41*2 412 

Sulphuric Acid 0*588 5*88 58*8 588 

1 gnin. 10 grains. 100 grains. 1000 grains. 

In all the analyses given in the following pages, no 
fractions are used ; the composition of everything is given 
as it would be obtained if 10^000 or 100,000 grains were 
analysed. 

138. Chemists are constantly in the habit of speaking 
of atoms, proportional combining numbers, and similar 
terms ; it will be well briefly to describe what is meant 
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by these words. It has. been alre&^<8||^fcd that the 
composition of all compound substances ipipffinite (124); 
that a certain weight of carbon, for extople, can only 
combine with a fixed quantity of oxygen, to form carbonic 
acid (126). 

139. Let us observe what relation there exists between 
the quantity of difierent substances which can combine 
together. It is found that one grain of hydrogen (for 
hydrogen, though a gas, can bo readily weighed) will 
combine with eight grains of oxygen, to form nine grains 
of steam, and this relative propoHion between the two 
elements of water is perfectly invariable. One grain of 
hydrogen can combine with exactly sixteen grains of 
sulphur, to form seventeen grains of sulphuretted hydrogen 
(182), a compound shortly to be described, or, with six 
grains of carbon, to form seven grains of carburettod 
hydrogen (131). 

140. These numbers, then, express the quantity of 
each of these substances which can combine with one 
another, for, of course, it is perfectly the same whether 
we take a grain, an ounce, a pound, or any other weight. 
But this is not all ; the number thus found for carbon, 
natnely six, is not merely the quantity of that substance 
which could combine with one of hydrogen, but repre- 
sents the' quantity of carbon which can’ combine with 
eight parts of oxygen, to form carbonic oxide (127), or 
twice eight, 16, parts of oxygen to form carbonic acid; 
and, again, eight parts of oxygen is not merely the 
quantity which can combine with one part of hydro- 
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gen, or with Mx parts of carbon, but is exactly the 
quantity which is able to combine with a definite propor- 
tion or equivalent, of any other substance. 

141. The numbers which are in this manner obtained, 
arc called combining weights, proportionals, equivalents, 
&c. ; they express the relative proportions in which 
substances combine together. Some compounds consist 
of a single proportional of each of these elements, but 
more commonly they contain one of one element, and 
two, three, or more, of the other ; organic substances, 
for the most part, consist of nearly ten or a dozen 
proportionals of each of their elements (316, 369). 

142. The following table shows the proportions or 
combining weights of the most important simple sub« 
stances. 


Oxygen ...... 

. 8 

Hydrogen • . . . ^ . 

. . 1 

Carbon ... . . < 

. 0 

Nitrogen . . ... 

. . 14 

Chlorine . . . . 

. . 35 

Phosphorus 

. . 31 

Sulphur 

. IG 

lion ....•«. 

. . 27 


143. When a compound is formed by the union of 
two elements, the equivalent or combining proportion 
of the compound is exactly the sum of the equivalent of 
its elements ; thus, for example, Carbonic acid consists 
of one equivalent of carbon, the number of which is 6, 
and two equivalents of oxygen, weighing 16 ; the sum 
of 6 and 16, is 22 ; this, then, ii» the equivalent of 
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carbonic acid, the quantity which will combine with an 
equivalent weight of any base, for example, with 28 
parts of lime, 47 of potash, and so on. 

1 44. In the following table the combining weight of 
some of the most important compounds is exhibited : — 


Water 9 

Nitiic Acid 54 

Caibonic Oxide . .... 14 

Carbonic Acid • • . . ' . . . 2*2 

Sulphurous Acid 32 

Sulphuric Acid . . . • . . 40 

Phospboiic Acid 71 

Muriatic Acid 36 

Sulphuretted Hydrogen ..... 17 

Carburotted Hydrogeti 8 

Ammonia 17 

Potash • . • * 47 

Soda 31 

Lime ... 28 

Magnesia 20 

Silica . . . . « . . ' . . 46 

Alumina ....... 51 

Prot-oxide of lion . . . . . . 35 


145. When plants or vegetable substances consisting 
of oxygen, hydrogen, and carbon, decay, their elements 
form* new compounds, the principal of which are carbonic 
acid and water. We must now consider what are the 
products resulting from the decay of animal matters, and 
of those vegetable substances which, like them, consist 
of oxygen, hydrogen, carbon, and nitrogen ; these are 
water, carbonic acid, and ammonia. 

146. Nitrogen or asote differs from most other sub* 



54 


Kl^ROaBN. 


stances in appearing to be remarkably inert ; it seems 
to bare little or no affinity for any other substance. It 
is always mixed with oxygen in the air» but it appears 
to have no inclination to combine with it ; and when 
carbon, or substances containing it, are burnt, they 
combine only with the oxygen, a!nd never with the 
nitrogen of the air : so that it' would oppear as if the 
chief use of nitrogen in the air was to dilute the oxygen, 
and prevent it from combining too rapidly with carbon, 
and other substances. 

147. Under some circumstances, how^r, nitrogen 
does combine with other elements, and compounds 
are amongst the most curious and impor%it substances 
we know. When animal or vegetable 'matters coti- 
taining nitrogen decay, we find that it,'^ke the carbon, 
is not set free in its simple and uncombined *form, 
but that during decay it combines with a portion of 
hydrogen. 

148. Therefore in addition to water'^'ittd carbonic 
acid, the two principal substances arising^ffom the decay 
of ordinary vegetable matters# we find a jpungent, strong- 

. smelling gas, composed of nit^gen and hydrogen, which 
is called Aicmobia. 

149. This substance, thcfagh transparent invisible 
gas, is, like potash and soda, a bash ; like them it has a 
strong afiSnity for acids, and when combined with them 
neutralites their powers ; and, th^efore, as it is evo!{||^ 
at the same time with carbonic acid, it combines ^ith 
that acid and produces a solid salt, which is call^^ a 
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carbonate of ammonia, just ak the compound of carbonic' 
acid and lime, is called a carbonate of lime. 

150. Ammonia is always produced when animal or 
vegetable substances containing nitrogen are decomposed, 
whether by combustion or by decay ; in both these cases 
carbonate of ammonia is formed, which is a very volatile 
salt, and consequently is carried away by the air, as fast 
as it is formed. Now water absorbs large quantities of 
ammonia, which, as well as all its compounds, is easily 
soluble in that fluid ; and consequently the ammonia 
and salts of ammonia, formed during these processes of 
decomposition, are never retained in the air, but are 
dissolved and brought down to the surface of the earth, 
by rain. 

151. Ammonia was formerly called the volatile alkali, 
because in many properties it closely resembles the 
alkalies potash and soda, which are distinguished from 
all other bases, by that name. Ammonia, however, differs 
from the two other ftlkalies in being a gas, whilst they 
are both solid, and almost all its compounds are more or 
less volatile, or capable of being converted into vapour 
by heat ; whilst the compounds of potash and soda are 
all fixed, or quite incapable of being raised into vapour 
by any ordinary application of heat. 

152. Ammonia has also a less powerful affinity for 
acids than tho two other alkalies have, and consequently 
it is easily expelled from its compounds, by either potash 
or soda, as well as by lime and several other bases, 
which set free tho ammonia in the gaseous form, and 
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unite themselves vrith the icii previously in combination 
with the ammonia. 

Id3. Ammonia, in its pure state isla colourless, in- 
visible, and very pungent-smelling gas, readily soluble 
in water ; like potash and soda, it has a very strong 
affinity for acids, and is, therefore, hardly ever met with 
in its free state, b^t always in combination with carbonic, 
or some* other ^acid. It is far less abundant or common 
than the other alkalies, potash and soda ; for its 
principal source is the decay of animal and. vegetable 
substances, which oehtain nitrogen. 

154. The most important of the salts of ammonia 
are the carbonate, the muriate, the sulphate, and the 
phosphate : the carbonate, which is the salt produced 
during the decay of organic matters, was formerly called 
salt of hartshorn, because. it was mostly procured by 
burning horn ; it is now, however, obtained from the 
tar-water and refuse ammoniacal liquors of the gas- 
works. A considerable quantity of ammonia is formed 
during the distillation of coal, which always contains a 
little nitrogen, and, therefore, gives off a small quantity 
of ammonia; this combines with a portion of the 
carbonic acid formed by the burning of the carbon of the 
coal, and collects in the hydraulic main, or first con- 
denser, of the gas^^orks ; hence, also, carbonate of 
immonia is always an ingredient of soot. 

166. Carbonate of ammonia is not obtained direct 
From the gas liquor,, as it wonid^then be impure from the 
tar, and other substanoes which exist in the gas-water. 
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The ammoniacal water is generally first converted into a 
sulphate or muriate, and this is decomposed by cheating 
it with chalk ; carbonate of ammonia, which is '||||jQitile, 
rises in vapour, whilst sulphate or muriate of lime is left. 
Carbonate of amj||pia possesses the pecidiar pungent 
smell of pure ammonia, though far less powei^lly ; 
because being but partially neutralised^by carboni^cid, 
and united to it by but a feeble affinity £iis const^tly 
gradually escaping from its compound, and evaporating 
into the air. Like the carbonates of potash and soda it 
possesses the property of reddening many vegetable 
yellows, though less powerfully than the pure alkali. 

lo6. The muriate of ammonia, commonly called sal- 
ammoniac, which used formerly to be obtained by 
burning animal substances, is now procured from the 
refuse of the gas-works, which contain carbonate and 
other salts of ammonia. They are first of all converted 
into a sulphate, by the action of oil of vitriol, which 
expels the carbonic and other weaker acids, and the 
sulphate thus obtained, is depomposed by mixing it with 
common salt, and heating the mixture. 

157. The nature of this operation is very simple. 
Sulphate of ammonia, water, and common salt, or chloride 
of sodium, are heated together, and are decomposed, 
because sulphuric acid has a stronger affinity for soda 
than it has for ammonia ; a portion of water is decom- 
posed at the same time with the salt, supplying oxygen 
to the sodium to forth soda, and hydrogen to the chlorine 
to form muriatic acid ; the former unites with the 



58 


MURIATE OF AMMONIA. 


Bulpburic acid, whilst the latter combines with the 
ammonia. 

158. Muriate of ammonia, like many other of the 
salts of ammonia, is volatile at a certain heat ; that is to 
say, it becomes a vapour, and reattnes the solid form 
when cooled again : in the process for obtaining the 
muriate of ammonia, therefore, it is converted into 
vapour by the heat applied to the mixture, and is 
condensed in the solid form again in the upper part of 
the vessel in which it is heated, which is kept cool on 
purpose. The uses of sal-ammoniac in the arts are 
numerous ; its principal consumers are the dyers and 
workers in metals. 

159. Ammonia has a strong affinity for sulphuric 
acid ; the sulphate may either be formed directly by 
mixing together sulphuric acid and caustic ammonia, or 
its carbonate, as in the process just described for pre- 
paring the muriate from gas liquor; or it may be 
obtained by substituting for the sulphuric acid, added to 
the gas liquor, a sulphate in which the acid is held by a 
less powerful affinity than that which it has for ammoiuM 
when this is done, the ammonia seizes the sulphuric ao™ 
and causes it to relinquish the weaker base with which 
it was previously combined, and which thus unites with 
the carbonic acid, of the carbonate of ammonia. 

160. When, for example, a solution of carbonate of 
ammonia is mixed with a quantity of sulphate of lime, 
they are both decomposed ; the ammonia combines with 
the sulphuric acid, and the lime takejs the carbonic acid. 
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Sulphate of ammonia has a strong saline taste, but no 
smell : it is a perfectly neutral salt, and may bo kept any 
time without undergoing change. It is readily soluble 
in water. 

161. Phosphate of ammonia may be formed by adding 
a solution of ammonia, or its carbonate, to phosphoric 
acid (194) ; it is very soluble in water, and decomposes 
when heated, the ammonia passing off in the gaseous 
state, and leaving the phosphoric acid pure. A rough 
salt may be made by mixing the impure phosphoric acid 
obtained by acting on bone, earth, by oil of vitriol, with 
gas liquor, and evaporating the solution ; it is then, 
however, apt to contain lime, tarry matter, and other 
impurities. It is sometimes employed as a manure (793). 

162. Ammonia often seems to combine with sub- 
stances for which it really has no affinity*: this is merely 
a mechanical effect. Such substances have the power of 
absorbing a large quantity of the gas, which is condensed 
or packed up in the pores of the substance, but not 
combined with it, and is ready to be given off again on 
the application of heat. Thus, freshly burnt charcoal, 
and, indeed, most porous substances, absorb or condense 
a large volume of this gas. The value of charcoal as a 
disinfecting agent, and purifier generally, chiefly depends 
upon this power of absorbing gaseous matter. But U 
also possesses bleaching powers. 

163. Ammonia is not the only compound containing 
nitrogen, which is formed during the decomposition of 
animal substances; for although nitrogen and oxygen 
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appear to naye no affinity for oach other, as they exist 
together in a state of mixture in the air, and do not 
enter into combination, yet when a compound already 
containing nitrogen is decomposed, we find that besides 
the compound of nitrogen and hydrogen just described, 
S compound of oxygen and nitrogen is also in some cases 
formed, which is possessed of extraordinary powers, 
being a strong acid, and commonly called aqua-fortis, or 
nitric acid. 

164. Nitrogen is able to combine with oxygen in five 
different proportions, giving rise to as many distinct 
substances; four of these are of comparatively little 
importance, and may therefore here be passed over ; the 
fifth, or that containing the greatest quantity of oxygen, 
is the only one at present worthy of consideration. 

165. Nitrks acid is never found in its free or uncom- 
bined state, but always in combination with some base ; 
being a very powerful acid, it is easy to understand that 
as soon as formed, it seizes upon some base to combine 
with, and forms a neutral salt. The commonest salts 
containing nitric acid, or nitrates as they are called, are 
tho nitrates of potash, soda, and lime, which are found 
native abundantly in different places. 

166 The nitrate of lime is very frequently to be met 
with on old walls near which organic substances con- 
taining nitrogen have decayed and formed nitric acid, 
which has combined with the lime of the mortar; and 
in the same way nitrate of time may be formed artifi- 
cially, by mixing time with decaying substances which 
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can yield the acid, and, after having allowed them to 
remain some time together/ by pouring water over the 
mixture : this dissolves the nitrate of lime, and forms a 
solution, which leaves the salt in question, when the 
water is evaporated by heat. 

167. Although nitric acid is a very strong acid, f^nd 
has a very powerful affinity for bases, yet there are ‘even 
more powerful' acids, which are strong enough to expel 
it from its combinations, and we are thus able to procure 
the pure acid : this is usually done by what is called oil 
of vitriol, or sulphuric acid (179), a substance consisting 
of sulphur, or brimstone, combined with oxygen. When 
this acid is poured on a nitrate, it expels tho nitric acid 
in the form of a very acridtor sour and biting vapour ; 
this condensed in cold water, constitutes the intensely 
sour liquid called nitric acid, or aqua-fortis, and was 
before combined with the base of tho nitrate. 

168. Nitric acid acts very strongly on all organic 
bodies, decomposing them sometimes with great violence, 
and causing their elements to enter into new combina- 
tions : thus when strong nitric acid is mixed with- oil 
of turpentine, it sets it on fire. This is caused by the 
large quantity of oxygen which nitric acid contains, 
which enables it to burn substances, or at least makes 
them combine rapidly with oxygen, which we know 
is the cause of ordinary combustion. 

169. When we mix nitric acid with substances which, 
having a strong affinity for oxygen, are able to.decom- 
pose the acid, we obtain some of tho other compounds of 
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^nftrogen and oxygen before alluded to, and by various 
processes we are able to obtain compounds of nitrogen, 
with most other elements, setting out with this acid as a 
source of nitrogen ; for it seems that nitrogen hardly 
ever will combine with an element, except when in the 
nascent state ; that is, when being evolved or set at liberty 
by the decomposition of a substance, in which it was 
already combined with some other element (769). 

170. There are three other elements deserving notice, 
which, like nitrogen, are of little interest in themselves, 
but which, by combining with other substances, form 
important compounds ; these are sulphur, chlorine, and 
phosphorus. 

171. The properties of sulphur, or b^ihstone, are 
familiar to every one ; li occurs native, both pure and 
also in conibination with various metallic subil(R)l(ces ; 
entering into the composition of many ores, such as 
those of copper, loud, zinc, mercury, &c. Sulj^ur is a 
pale yellow, solid substance, insoluble in water^, having 
hardly any taste, but a faint and peculiar smell, melting 
easily when warmed, and catching iire very readily, 
burning with a pale blue flame, and giving out at the 
same time a peculiar and very disagreeable smell. 
The compounds which sulphur forms with oxygen, and 
also with hydrogen, are the principal which demand 
attention. 

172. Sulphur, like nitrogen, is able to combine with 
oxygen in several proportions, and hence it forms several 
distinct compounds. It is only necessary to describe two 
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of them, — sulphurous acid, and sulphuric acid or oil of 
vitriol. 

173. When sulphur is burnt in the air, it forms sul- 
phurous acid, a transparent invisible gas, possessing 
a very strong and suffocating smell ; it is easily dissolved 
by water, and the solution then obtained has a strongly 
sour taste. 

174:. A portion of sulphurous acid is formed whenever 
we light a common brimstone match ; and the peculiar 
suffocating smell then perceived . is occasioned by this 
acid, and not by the sulphur alone, which has no smell, 
but which is used to tip the matches because it has a 
strong affinity for oxygen, and requires less heat to 
enable it to commence combination than the wood itself ; 
but when it has once fairly got alight, it then produces 
heat enough to fire the wood, 

175. Sulphurous acid is a transparent "gas, rather 
heavier than common air, readily soluble in water, very 
poisonous when breathed, and extinguishing the flame of 
combustible matters ; it does not form any important 
compounds when combined with bases, and its principal 
interest consists in its bleaching powers. It has long 
been used to destroy colour in things desired to be 
bleached, which are merely hung up over some burning 
sulphur, and exposed to the fumes of sulphurous acid, 
thus formed. Articles thus bleached, however, frequently 
retain an ux^leasant smell of sulphui^us acid. . 

176. It is likewise used in fumigation, being con- 
sidered destructive of contagion ; and^ therefore, sulphur 
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is burnt in bouses yrhere persons haye, died of an 
infectious disorder, and in other circiiihstances where evil 
cifects are feared from the communication of disease. 
In all these cases sulphurous acid has really a useful 
influence, as it seems able to destroy minute quantity 
of poisonous matter diffused throughout the air ; but it, 
must be remembered, that it can have no power of im- 
proving air which is unwholesome, in consequence of the 
presence of a large quant^ of carbonic oxide or carbonic 
acid, for in these circumstances, burning sulphur would 
only tend to make the air worse, both by removing 
oxygen, and also by adding sitlphurous acid. 

177. The bleaching power of this acid may be very 
well shewn, by holding a lighted brimstone match near a 
dark purple or blue flower,' the' colour of which will bo 
immediately more or less destroyed, and we may : 
thus, either in part or wBoUy, render the flower 

178. Sulphurous acid contaimu^sa.exyge]^M^ the 
sulphuric acid ; in fact it standsrTPA^^|||^^ relation to 
that acid, which carbonic oxide does to^ carbonic acid. 
Sulphurous acid. is formed whenever sulphur is burnt in 
the air, becausb ^under those circumstances it is not able 
to combine with enough oxygen, to form the more 
powerful acid. 

179. SuLPHtmic Acid is made by burning sulphur 
nnx;ed with nitrate of potosh, which supplies it with more 
oxygen than it could get by merely burning in the air ; 
because the nitric adid ip the nitre, when decomposed by 
the buiming sdlphiu^^ g:iyes riSe to the formation of 
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another cpmgound of nitrogen and oxygen containing 
less oxygen, cdled nitrous acid, a substance ^hich is 
decomposed by sulphurous aci^i when water is present ; 
giving up a portion of its oxjgeh to the sulphurous acid, 
and converting it into the sulphuric. In fact, when 
sulphur is thus burnt, and the fumes produced by its 
combustion are condensed in cold water, a, very acid liquid 
is formed, which is called oil of vitriol, or sulphuric acid. 

180. It is a heavy, very corrosive, poisonous fluid, 

although its elements are only pxygen and sulphur, the 
one being tl^at part of the air necessary to support 
life, and the other a tasteless, yellow, solid substance. 
Sulphuric acid in its free state is chiefly remarkable as 
being, one of the strongest acids ^e know, destroying 
vegetable and animal substances : that is to say, abstract- 
ing and combining with some of their elements, and 
causing the others to enter into new cc^binations ; jand 
having a strong aflinity for bases, with which it forms a 
class of compounds called sulphates: some of these are 
«of very great importance, and must be considered here- 
after (159, 2 13, 224, 237). ; - 

181. Sulphuric acid is a most valdhl^lf substance to 
the chemist ; being one of the strongest kjuown acids, it 
enables him to expel or drive out most other apids from 
their combinations, and thus through its agency many 
Other acids are obtained pure and separate, f^^ 
compounds with bsses'( 167^18^^^ 

182. Under certain, codditious sulphur combines with 
hydrogen to form sulphuretted .bydrog^,*T^ tranB^ 

'■r ' " 
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colourless gas, remarkable for tho exceedingly disagree- 
able smell which it possesses. It is to the presence of 
this gas that the nauseous, disgusting smell of putrefying 
animal matter is duo* Sulphuretted hydrogen is very 
poisonousj and it would probably cause many fatal acci- 
dents, were it net that its offensive c^our warns us of its 
presence, and induces us to take measures to disperse it 
by ventilatiun and other means. 

183. Sulphuretted hydrogen is soluble in water to a 
considerable extent, and the solution possesses tho strong 
and nauseous smell of the gas itself. The gas is inflam- 
mable, and in burning, produces water, and sulphurous 
acid gas. Sulphuretted hydrogen has sometimes been 


called an acid, for it possesses feeble aeij^ .powers, com- 
bining with some ba||^iltd certa||t^eSbent noutia- 


lising them. 


184. Sulphur has ^trong affinjI^.Ar most metallic 
substances forming a illltnerou^ i^pfries'of compounds, 
which are called sulphurets ; i^ny metallic ores are 
sulphurets, and in the procAs by which the metals arc 
obtained, the first operation consists in roasting the ores, 


or exposing them to a dull red heat, when the sulphur, 
being a volatile Substance, is gradually driven off. 


185. Chlorine is an element which is never found 


free, but only^in combination with sonje other element ; it 
is a very poisonous gas, causing very gi'eat irritation when 
breathed, even though it is largely ^^ed with air ; it is 
transparent, has a bright-yellow coW, and is remarkable 
for possessing in a very great degi^ee the power which 
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sulphurous acid has, of bleaching or destroying colours, 
and also contagious matters. Chlorine is, therefore, 
now lajgely used in all cases where it is wished to 
destroy or rempye colour : it is however, a very powerful 
agent, and therefore must be used with great care, as 
otherwise if linen, for example, be bleac^bd carelessly by 
means of it, the itexture is destroyed, and the linen 
becomes rotten and useless. Common writing-paper is 
often found to be quite decayed and useless, the rags 
from which it was made having been too strongly 
bleached with^chlorine.^ 

186. Small quantities of this gaa are used with very 
beneficial effects in removing foul smells, and otherwise 
rendering sweet and wholo 80 |ne the air of large buildings, 
such as hospitals. Chlorine readily combines with the 
metals, and most other pf the elements, to form a series 
of compounds called' chlorides ; thus, edriosive sublimate 
is a chloride of mercury, &c^ "^t is unnecessary for us 
further to occupy ourselves with this foment than to 
know that when combined - with hydrogen it loses all 
these peculiar powers, and forms a ^s|rong acid, the 
muriatic, which, by comblomgrwith'^^ bases, forms a series 
of salts called muriates, A " 

187. ^ When chlorine and hydrogen are mixed together 

in equal volumes, an explosive mixture is formed, which, 
on the application of a flame detonates loiidly, and is con- 
verted into muriatic heid gas. eiqplosion is aU^ 

caused if the mixture is exposed ’ in a glass * vessel to 
, sunshine, but if kept in the daik; no xmipbinatiori takes 
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place ; if merely exposed to daylight but not to the direct 
rays of the sun, the gases do not explode but combine 
slowly and quietly. 

188. The process by which muriatic acid is procured 
is very simple : a quantity of oil of vitriol or sulphuric 
acid is poured on some common salt, acid fumes arise, 
they are made to pass through cold water, which absorbs 
them, and in time a very sour corrosive liquid is obtained, 
which is the muriatic acid, or the spirit of salt of the 
shops. In order to explain the action which takes place 
in this process, it is necessary to say a few words 
respecting the nature of common salt. 

189. Common salt is a compound substance, consist- 
ing of two elements ; the one is chlorine, the corrosive 
yellow-coloured gas just described, and the other is a 
white silvery-looking metal called sodium, a substance 
having a very strong affinity for oxygen, eagerly com- 
bining with it and forming the alkali soda (215). 

190. The substances, then, concerned in the process 
for making muriatic acid, are common salt or, to speak 
scientifically, chloride of sodium, sulphuric acid and of 
course a portion of plater, as oil of vitriol is a solution of 
dry sulphuric acid in water. Both the chloride of 
sodium and the water are decomposed^ the oxygen of the 
water combines with the soditfm of the salt, whilst the 
hydrogen of the water combines with the chlorine of the 
salt, and thus soda and muriatic > acid ai*e formed ; the 
latter is given off or expelled in the form of gas or 
vapour, whilst the soda combines with &e sulphuric acid 
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to form a neutral sulpbate of soda, ^is is a 

very good example of combination and dccoiiiposition. 
In consequence of the powcilal affinity which sulphuric 
acid has for soda, both the and water are decom- 
posed ; and the chlorine and E^j^ogen being free from 
their combinations^ unite together to form munatic. 
acid (216). 

191. Chlorine is procured from muriatic acid by the 
action qf some substance capable of abstracting its hy- 
drogen ; the most convenient for this purpose are those 
which contain much oxygen. The usual process is to heat 
together a mixture of muriatic acid and oxide of man- 
ganese, a substance which is rich in oxygen ; the oxygen 
which is thus given off, takes the hydrogen of the muriatic 
acid, with which it forms water, and sets free the chlorine. 

192. Another and yet cheaper process is to heat a 
mixture of common salt, oxide of manganese, and sulphuric 
acid ; in this case the sulphuric acid decomposes the salt, 
and the muriatic acid formed, is decomposed as fast as 
it U set free, by the oxygen of the oxide of manganese. 

193. Iodine, bromine, and fluorine, are substances 
hitherto undeoomposed, and therefore called elements, 
which in many respects resemble chlorine ; like it they 
form acids by combining with hydrogen, and unite to the 
metals to form a numerous series of compounflg resembling 
chlorides, which are called iodides, bromides, and fluorides. 
None of these substances are of much importance ; those 
most deserving of notice are the iodide of sodium, which 
exists with the chloride in sea-water, mi the fluoride of 
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Galciut||^ which exists in smal^ quantity in the bones of 
animals. 

194. Phosphorus in several respects resembles sulphur; 
like it, it is a readily fusible and very pb^bustible solid. 
It is of a white colour, about as hard as and has so 
strong an affinity for oxygex^ that it t^ake^lrrc in the air 
with the greatest facility as soon as it is a littlp warmed. 
Like the preceding element chlorine, it it never met 
with in a separate state/ but always in combination/ Its 
most important compound is phosphoric acid, ffiO sub- 
stance which is formed when phosphorus burns in the 
air or in oxygen ; it is a white solid substance, very 
soluble in water, and ex^erly combining with bases to , 
form a class of salts called pbospiates (161, 242). 

. 195. Phosphoric acid is generaliyN)btained b^6com- 
posing one of its compounds by sulptoric acia. .The 
most abundant compoiihd of pbosphd^^i^id is that in 
which it is united to lime, called the phosphate of lime 
(242) : this substance is an ingredient of the bones of 
animals, and of most organic substan^is. When sul- 
phuric acid is mixed with phosphate of lime, the latter is 
decomposed, and its phosphoric acid is set at liberty. 
The acid may be artificially made by burninfr phosphorus 
in the air, from which it abstracts the oxygen, and leaves 
the hitrogen Unaltered ; just in the same way that carbon 
when burnt ih air, forms cal'bcni^ aieid v o 
case the product of combustibn is a gas^ like the air ; 
whilst the resdlt of the combusti^ of phosphorus, is a 
white solid amd*^ 
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CHAPTER III/ 

METALLIC ELBM|?NT3— THE ALKaUBS— TOT ALKALINE 
EARTHS, AND THEIR SALTS. 

196. In classifying the elementary substances, the 
first and most obyioua arrangement seems to be that of 
ISividing them into non-metallic, /and xnetallio ; the 
former including oxygen, chlorine, dsc., or the supporters 
of combustion as they are sometimes called, together 
with the non-metallic simple combustibles^ such as carbon 
and sulphur, &c ; whilst the latter includes iron, gold, 
lead, tin, and all the ordinary metals, as well as a number 
of very scarce metals, some of which however are very 
abundant in a state of combination, though they are 
hardly ever met with in a pure and separate form. , 

197. In the pure state, the metals are chiefly important 
for their strength^ hardness, malleability, and other me-" 
chanical properties ; their interest to the chemist is for 
the most part confined to their combinations, and the 
different compounds which they form by combining in 
various ways, with the non'metallic elements. The 
oxides, or the substances which the metals ; form by 
uniting with bxygeyo, , are perhaps f^o most important of 
all their compounds, a very great number of them are 
bases (109); 

198. The class of substances- called bases,, or those 
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Mrith which acids can cfombine^ is yery numerous. The 
commonest, and therefore the most important, are the 
three alkalies, potash, soda, and ammonia, together with 
a few substances called garths, because they are the prin- 
cipal ingredients which enter into the composition of the 
earth or soil. The nature and properties pf ammonia 
have already been considered (148). 

199. Potash never occurs pure in a free state ; its most 
abundant source is the vegetable kingdom, and the 
simplest n^^thod of procuring it is by burning wood. 
When this is done, after *all the combustible matter is 
burned, there remains a quantity of a white or greyijfeb* 
stance called ashes, which when put into water forms 
a caustic solution. This is caused by the presence of 
potash, which not being altered by the heat occasioned by 
the burning of the wood, is left in the ashes. 

200. In this way, however, we do Jiot obtain the fot- 
ash pure, because, being a powerful bhse, and having a 
strong afSnity for acids, it combines with some of the 
carbonic acid formed by the burning of the carbon con- 
teaned in the wood,* and therefore the caustic substance 
found in the ashes of the wood is an impure carbonate of 
potash. It is obtained tolerably pure by pouring water 
on wood ashes, straining off the clear liquor, and evapo* 
rating it ; a white salt is left, which is the carbonate of 
potash separated from most of the other matters which 
were contained in the ashes, and jirhen thus purified it is 
called pearlash, 

201 • Pure potash is readily obtidned from its carbonate. 
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by means of quicklime ; that substance has a stronger 
affinity for carbonic acid than potash has, and accordingly 
it decomposes the alkaline carbonate and leaves the alkali 
in its pure state : when free from any acid, it is found to 
be a very caustic solid substance, which has a strong 
affinity for acids, and is difficult to keep perfectly pure, 
as when exposed to the air it rapidly acquires carbonic 
acid from it, and becomes converted into the carbonate. 

202. Potash is not a simple substance ; like soda, it is 
a compound of a metal and oxygen (190). By the action 
of charcoal at a very high temperature it may bo decom- 
posed, for at a white heat the affinity of charcoal for 
oxygen is so great that it is even able to take it from 
potassium, as the metal of potash is termed. Potassium 
is of course never found in a native state, for its affinity 
for oxygen is so great, that when exposed to the air it 
instantly absorbs a quantity of that gas, and is soon con- 
verted into potash. It may readily be proved that potash, 
soda, and the earths are all compound bodies, and that 
they consist of peculiar metals combined with oxygen ; 
but as the affinity which they have for that element is 
very great, and as they are never decomposed under 
ordinary circumstaifces, it is quite unnecessary to study 
the nature of potassium, sodium, &c , further than to 
know that they are white silvery-looking metals, which 
by combining with oxygen form potash and soda. For 
all practical purposes we may think of potash, soda, and 
the earths, as elementary substances. 

203. Potash has a strong attraction for water ; so that 
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when dry pure potash is exposed to the air, it very soon 
becomes moist, and in a short time has attracted so much 
water from the air as to appear changed into a liquid. 
This power of attracting water from the air is common to 
most of the salts of potash, as well as to many other 
saline compounds : it is termed deliquescence, and such 
salts are said to be deliquescent. Pearlash, if left exposed 
to the air, rapidly becomes moist, and finally runs into a 
liquid, which is a very strong solution of that salt in 
water ; pearlash therefore must always be kept in a dry 
place, and in well-closed vessels. 

204. In the same way, we often find that common 
salt when kept in a damp place, becomes very moist : 
this is not occasioned by any attraction which the salt 
itself has for the moisture in the air, but by certain saline 
impurities, usually contained in the salt, whidh have this 
power in a high degree (252). 

205. Chloride of potassium may be forflM by heating 
the metal potassium in chlorine, or by acti^^pon potash 
by muriatic acid (190); it is not a salt of much interest; 
it has been occasionally recommended as'a manure (891). 

206. One of the most important of the salts of potash, 
is the nitrate, or, as it is commonly called, saltpetre, or 
petre, which is found native in many places as a white 
powdery matter on the surface of the ground, and is pro- 
cured pure by washing the earth, and evaporating the 
solution of nitre thus obtained, 

207. Nitre is a perfectly neutral salt, and is in that 
respect very different from the carbonate of potash, which. 
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although far less caustic than pute potash, has still very 
considerable caustic powers, in consequence of which it is 
BO commonly used in washing, and for other household 
purposes. Carbonic acid, in combining with the alkalies, 
does not seem able to neutralise them, or destroy their 
alkaline powers so completely as most other acids can ; 
and therefore it must be remembered that the carbonates 
of the alkalies still possess some of the powers of the 
alkalies themsolyea. The other compounds formed by 
the alkalies with the more powerful acids are quite 
neutral, and in them no traces of the alkaline nature of 
the bases can be found. 

208. One of the principal uses of nitre is in the manu* 
facture of gunpowder, whicl^ consists of nitre, charcoal, 
and sulphur, finely^powdered, and Tory carefully mixed 
together. The chemical action which takes place during 
the burning or explosion of gunpowder is very simple. The 
nitre consists of potash and nitric acid, the latter sub- 
stance containing a large quantity of oxygen, combined by 
a comparatively weak attraction with a portion of nitrogen. 
The finely-powdered charcoal has a very strong attraction 
for oxygen, and when sufficiently heated is able, to decom- 
pose the nitre, seizing upon the oxygen of the nitric acid, 
and forming carbonic acid, a small portion of which com- 
bines with the potash of the nitrate, and forms carbonate 
of potash. 

209. The use of the sulphur in gunpowder is similar to 
its use in the lighting of a common sulphur match ; it very 
easily catches fire, and the fiame thus produced instantly 
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heats the charcoal so much that it is able to decompose 
the nitre. 

210. The mechanical force of gunpowder when fired, 
is occasioned by the instantaneous production of a largo 
quantity of gas from a small bulk of solid matter : as the 
whole of the nitrogen, and the greater part of the carbonic 
and sulphurous a,pids^forme*d, are given off in the gaseous 
state, and comparatively little is absorbed by the potash. 

211. During tha burning of gunpowder, a small por- 
tion of sulphuretted hydrogen is commonly formed, which 
occasions the bad smell (182) commonly perceived : 
the hydrogen necessary for the formation of this gas 
is derived from a little moisture which gunp(fl||||ier gene- 
rally contains ; pure and perfectly dry gunpowder contains 
no hydrogen, and hence, in its firidg, no sulphuretted 
hydrogen can be found. 

212. Nitre is one of the few compounds of nitric acid 
which are found native, and indeed it was till lately 
almost the only source of that acid. It is also used as a 
manure, and will therefore come before us again on 
a future occasion (898). 

213. Sulphate of potash is a soluble salt readily 
formed by acting on any of the ordinary salts of the 
alkali, such as the carbonate or nitrate by sulphuric 
acid ; it is chiefly used by the manufacturers of alum (257). 

214. Skits of potash are met with in a great many 
plants in small quantities ; they are likewise almost always 
to be found in the soil, and potash is by no means uncom- 
mon in stones ; indeed, it is evident that the salts of 
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potash found in the soil must have been derived from the 
gradual breaking do^n and decomposition of stones and 
rocks containing compounds of potash. 

215. The second alkali,1loDAy is in its general charac- 
ters similar to potash ; it is a very caustic, solid, white 
substance, has a powerful utraction for acids, and is 
consequently never found m a pure and separate condi- 
tion, but always in combination with ILu abid, or some other 
substance. The most abundant source pt soda is common 
' salt, which exists in very lasge quantities in sea-water, 
and is likewise found native in the earth, when it is 
called rock-salt, to distinguish it from the salt obtained by 
the evaporation of sea-water, and called sea or bay-salt. 

21 G. Common salt has already been stated to be a 
chloride of sodium (189), a compound of chlorine with 
a white brilliant metal called sodium. It used formerly 
to bo called a muriate of soda, because it was known that 
sulphuric acid poured on salt expels muriatic acid, whilst 
on the other hand, there are substances which can take 
away the acid and leave caustic soda. It is now known 
that dry salt contains nothing but chlorine and sodium ; 
and when it is decomposed by sulphuric acid, or in any 
other way, the muriatic acid and soda evolved, were not 
contained in the salt, but are formed by the decomposition 
of a portion of water, the oxygen of which unites with 
the sodium to form soda, whilst the hydrogen combines 
with the chlorine to form muriatic acid. Hence, though 
strictly speaking, common salt is a chloride of sodium, 
yet for practical purposes it may be considered as a 
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muriate of^oda ; because whatever change it undergoes, 
or in whatever manner it is decomposed, soda and 
muriatic acid are given out'juit as if they were really the 
components of salt, ^da is^n osride of sodium. 

217. The only other co£pottnd of soda, which occurs 
native in any quantity, is the nitrate or cubic nitre, as it 
is commonly called. It is found native in large quantities 
in certain parts of South America, and is used to a con- 
siderable extent as a manure. When it was first brought 
over to this country, sonm fsw years ago, it was proposed 
to substitute it for thjg. nitrate of potash in tho manufac- 
ture of gunpowder, and in the preparation of nitric acid. 
It was, however, found that it possessed the property of 
attracting moisture from the mr ; and hence being always 
more or less damp, it could not bo used by tho gunpow- 
der-makers. When first imported its price was low, and 
it was accordingly advantageously substituted for the 
more expensive nitrate of potash in the manufacture of 
nitric acid ; but as the price of nitrate of soda soon rose, 
it was no longer found profitable to use it for this manu- 
facture, and now almost the only purpose for which it is 
employed is as a manure. It appears to resemble tho 
nitrate of potash in its effects on growing plants, and like 
it to exert considerable infiuence on the fertility of certain 
kinds of land (901). 

218. The** soda” of commerce is, as will be readily 
supposed, not the pure alkali soda, but is a carbonate^ 
and, like the carbonate rf potash, possessed of considerable 
caustic properties. It was formerly for the most part 
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procured by burning sea-weed, the ashes of which contain 
a large quantity of carbonate of soda, and immense 
quantities of sea-weed were annually collected and burnt, 
for the pui'pose of obtaining wced-ash, kelp, or barilla, 
as the crude salt was called, 

219. Of late years, however, means have been disco- 
vered of obtaining the carbonate of soda by decomposing 
common salt ; from which u is now manufactured so 
cheaply, that it has not only superseded the use of kelp 
or barilla for all purposes where carbonate of soda is 
required, but has also from its low 908 t been substituted 
to a great extent for potash and pearlash ; and hence the 
carbonate of soda, or ** soda ” as it is commonly called, 
is veiy largely used in the arts of glass and soap-making, 
and other processes where an alkali is employed. 

220. In order to obtain carbonate of soda by the de- 
composition of common salt, it is first of all necessary to 
convert the salt into a sulphate : this is done by mixing 
it in certain proportions with oil of vitriol or sulphuric 
acid, and heating the mixture in a furuaco. Muriatic acid 
is expelled, and the sulphuric acid, which has a powerful 
attraction for the soda, combines with it and forms sul- 
phate of soda (190). 

221. The second process is to mix the sulphate of soda 
thus formed, with chalk and pounded coal, and to strongly 
heat the mixture in a furnace ; the sulphate is decom- 
posed at a high heat by the charcoal or carbon of the 
coal, which takes oxygen 'both from the sulphuric acid 
and from the soda, forming a sulphuret of sodium. This 
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in turn is decomposed by the chalk, and a carbonate of 
,soda is produced, which is of course impure, containing 
charcoal, and an insoluble compound of lime ; so that by 
pouring water on the crude^salt after it is taken out of 
the furnace, a clear^lourle^s solution is procured, yielding 
on evaporation, a clean and nearly pure carbonate of soda. 

222. This ** soda ’* contains a large quantity of water, 
although apparently dry ; and when left exposed to the 
air, it does not, like the carbonate of potash, attract 
water from the air, but, on the contrary, parts with it 
and becomes drier, at the same time crumbling down to a 
hne powder, wliich is found to be less caustic than it was 
before it underwent this change. The reason of this is, 
that when the carbonate of soda, by exposure to the air, 
parts with a quantity of water, and consequently becomes 
much lighter, it at the same time gradually combines 
with a second dose of carbonic acid, which it obtains 
from the air, and its caustic qualities become more fully 
neutralised than they are in the common carbonate. 

223. The salts of soda are for the most part white, 
and easily soluble in water ; and, like the com])Oiinds of 
potash, are widely diffused throughout nature. They 
are found, besides the sources already mentioned, in 
many rocks and soils : a great many plants, more espe- 
cially those which grow near the sea or in salt marshes, 
contain large quantities of salts of soda ; and a good 
many of the cotnppunds which this alkali forms with 
different acids are found native, though in far smaller 
quantities than the nitrate* 
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224. The Bulphato of soda is also found hative in 
Spain and other countries, and is frequently met with 
in mineral waters ; it is also called Glauber’s salts, and 
Cheltenham salts, as it is the principal ingredient in the 
mineral springs of Oheltenliam. Sulphate of soda mleft 
after the process for obtaining muriatio acid (190fl%t is 
occasionally employed as a manure. 

225. The earth, or soil, consists of a mixture of 
various ingredients ; but the greater part of it is com- 
posed of certain substances which are called earths. 
Some of these are bases, and resemble the alkalies ; 
whilst the remainder are^t bases : that is to say, they 
seem to have no affinity for acids, and cannot combine 
with them to form salts.j The most important of the 
earths which are bases, are called lime, magnesia, and 
alumine ; the two former are called alkaline earths, to 
distinguish them fmm the last, as they possess the 
property of reddening vegetable colours though in a far 
less powerful manner than the alkalies, whilst alumine 
does not. Silica is not a base. 

226. Lime, in its pure condition, is a highly caustic 
whitish-gray solid substance, slightly soluble in water, 
but far less so than the alkalies are. It has a very 
strong attraction for acids, being even able to decompose 
the salts of the alkalies, in consequence of the superior 
attraction which it has for the acids contained in them; 
and it is for this reason that it is cttstomaiy to mix quick- 
lime with wood^ash, which contains comparatively little 
free potash, as the greater part is combined with carbonic 

G 
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acid (200), when it is desired to make a very strong caustic 
ley ; the quicklime decomposes the carbonate of potash, 
combines with the carbonic acid, and becomes converted 
into carbonate of lime ; whilst the potash, being no longer 
combined with an acid, is able to exert its caustic powers. 
Lime is the .oxide of a metal called Calcium (202). 

227. In consequence of its strong affinity for acids, lime 
never occurs native in a pure and simple state, but always 
in combinatioh with some acid ; the most common com- 
pounds of lime are the .carbonate, and the sulphate ; the 
former of these, especially, is a very abundant substance, 
existing naturally in immense, .quantities in the different 
forms of chalk and limestone ; it is also very commonly 
an ingredient of the soil, and constitutes a considerahle 
part of the hones of animals, and shells. 

228. As has already been stated (1 19), lime has ^css 
powerful attraction for carbonic ^i4> than it lias folpiiy 
other acid ; and therefore when we pour a quantity of 
any acid over carbonate of lime, great bubbling, or froth- 
ing is occasioned by the escape of the carbonic acid, 
which is set at liberty, when thc4|||Mii^^bincs with the 
new acid (117). 

229. This bubbling, or .effervescence, as it is called, 
enables us very easily to ascertain whether a stone be 
limestone or not, and likewise whether any particular 
soil contains carbonate of limo ; for if any acid such as 
vinegar, does not occasion any effervescence, it is certain 
that no carbonate of lime is present ; and if, on the 
other hand, it does expel bubbles of gas, wc may be ^uitc 
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sure that a portion of some carbonate is present, and by 
far the most common of these is the carbonate of lime. 

230. All the forms of this substanoe are tasteless, and 
quite insoluble in pure water; but rain-water, which 
commonly contains dissolved in it a very small quantity 
of carbonic acid, has the power of dissolving carbonate of 
lime ; hence we coiUmohly see the surface of chalk or 
limestone appearing to be gradually corroded, or worn away 
by the rain; and for the same reason, buildings of freestone 
or Hmostono are much less durable than those which are 
built of gi'anite, a stone which does not contain carbonate 
of lime, and is, therefore, not thus acted on by rain-water. 

231. In thia%ind of action, no chemical change is 
effected : the carbonate of lime is merely dissolved by 
water holding in solution carbonic acid : hence when 
either from heat or any other cause the carbonic acid is 
expelled from the water, it is no longer able to hold the 
carbonate of lime in solution, which is therefore deposited 
again unaltered. 

232. Spring, water, for example, which often holds 
carbonate of lime thus dissolved, becomes milky or turbid 
when boiled, and not unfrequently deposits fur in the 
inside of boilers and kettles ; such water is of course not 
fit for domestic uses, cooking, <kc. ; but by jsimple boiling 
it is at once rendered far better, the chalk being then 
separated. 

233. The uses of carbonate of lime arc very numerous : 
one of the most important is for burning into lime* This 
is a very curious process, for heat generally increases tli^* 

o2 



84 


CAUBOKATE OF LIME. 


attraction which two dififerent substances have for each 
other ; yet in this and scnne other cases, it rather 
dknkiishes it, and the strongest heat is unable to drive 
off carbonic acid from its combination, with potash or soda, 
though lime, which parts with it so readily when heated, 
is able when cold to take it from either of the alkalies. 

234. When quicklime is mixed with vegetable or 
animal substances, it renders the process of putrefaction 
far less noisome, than it is under ordinary circumstances ; 
because the lime absorbs sulphuretted hydrogen, carbonic 
acid, and many of the products of decay. 

235. When quicklime is slaked with water, it crum- 
bles down to a powder, and is found ft have combined 
with a quantity of water ; al^iough it appears quite dry, 
for the water is chemically combined with the lime : if 
this lime thus slaked is left exposed to the air, it com- 
bines with carbonic acid, and becomes changed into car- * 
bonate of lime, and at the same time parts with the 
water with which it had previously combined.. Slaked 
lime is less strongly caustic than quickl||||a, because part 
of the action of lime on organic matter^ caused by its 
strong affinity for water ; nevertheless, even slaked lime 
possesses strong caustic properties. 

236. Common mortar, which consists of slaked lime 
mixed with sand, chopped hair, Ac.# is a hydrate of lime; 
its setting depends chiefly on the absorption of carbonic 
acid from the air, which forms again with it a kind of 
chalk or limestone. Hence mortar gradually improves, 
becoming harder after a time* when it has absorbed a 
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sufficient quantity of carbonic acid from the air to be 
wholly converted into carbonate. 

237. Sulphate of lime is leas common and abundant 
than the carbonate ; it is however a frequent Ingredient 
in the soil, in spring and mineral waters, ahd is found 
sometimes in large beds, constituting what is called plas- 
ter-stone, gypsum, and alabaster ; those are all compounds 
of lime and sulphuric add, and precisely similar in com- 
position. Common plaster of Paris is dry sulphate of 
lime, or gypsum deprived by heat of the water which it 
naturally always contains, and when mixed with a small 
quantity of water, it rbcombines with it, and becomes a 
hard, dry, solid substance. 

238. The burning of gyi^um to make plaster of .Paris, 
is quite di6Perent from the burning of chalk to make 
quicklime : in the former case the native sulphate of 
lime, which contains water, is heated and the water thus 
expelled ; whilst in the burning of lime not only is the 
water expelled which the chalk usually contains, but also 
the acid itself, with which the lime was combined. 

239. Sulphate of lime ip dissolved in small quantity 
hy water, and accordihgly we find it almost always 
present in spring-water, which derives it from the soil 
through which it rises ; it is the presence of this substance 
in spring-water which gives it that hardness which dis- 
tinguishes it from common river-water, and renders it 
less pleasant to use < than soft water; in fact one of the 
great distinctions found between hard and soft water is 
the presence or absence of sulphate, or carbonate of lime, 
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which, though contained in but small quantity, greatly 
influences its usefulness for domestic purposes (232). 

240. Nitrate of lime is a white salt, easily soluble in 
water, and readily formed by acting on lime or its car- 
bonate by nitric acid. It is also formed whenever organic 
matters containing nitrogen are suffered to putrefy in con- 
tact with lime ; when animal manure and lime are left 
together, nitrate of lime is formed ; the same salt is fre- 
quently found in the mortar of old walls, particulaily 
those of stables and similar outhouses. When mixed 
with a solution of carbonate of potash, both salts are 
decomposed ; nitrate of potash and carbonate of lime 
being formed. By this process, nitre has often bo^ made 
in what are called nitre-beds# 

241. Muriate of lime, or, more properly spenl^mg, 
chloride of calcium, is a very soluble salt, easily formed 
directly from lime and muriatic acid, and rcnniidfiable foH 
its great attraction for water (20J). It exists in sea-water, 
and consequently is often found in common salt. Mixed 
with a solution of carbonate of ammonia, both salts are 
decomposed, chalk and muriate of ammonia being formed; 
this is remarkable, because those two salts, when mixed 
together dry, and heated, form muriate of lime and car- 
bonate of ammonia (155). 

242. There is only one other compound of Kmc of 
much importance, and which has already been mentioned ; 
this is the phosphate. It is found in small quantity in 
most plants, and forms a great part of tke #olid matter of 
the bones of animals (594, 836, 876). 
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243. Phosphate of lime is bj no means abundant 
in nature, but it exists in small quantity in a great many 
substances.* Traces of phosphoric acid are found in a 
great number of rocks and stones, in the soil, in almost 
all plants, and in animal matters. It never occurs free, 
or imcombincd, but always in combination with a base, 
and this is very commonly lime. Thus we always" find 
phosphate of lime in wheat, and all these vegetable sub- 
stances which constitute part of the food of man and 
animals ; and we find it in a very considerable quantity 
associated with carbonate of lime, in the bones of all 
animals, who obtain it from all the substances on which 
they feed. Phosphate of lime is insoluble in water, but 
readily dissolves in solutions containing a little free acid. 

244. Phosphate of lime is easily decomposed by the 
more powerful acids, such as sulphuric acid and muriatic 
acid ; in the former case an insoluble sulphate will be 
formed, and phosphoric acid left in solution ; and in 
the latter, a clear solution will be obtained containing 
phosphoric acid (195) and muriate of lime, a salt which 
is also very easily soluble in water. 

245. Sulphuric acid does not wholly decompose 
phosphate of lime, though it takes from it the greater 
part of the lime which it contains ; the phosphoric acid 
is still combined with a small quantity of lime, constitu- 
ting a bi-phosphate of lime (840) ; the results of the 
action of sulphuric acid, therefore, are sulphate of lime, 
a super or bi-phosphate of lime, and free phosphoric 
acid ; the two latter may be readily separated from the 
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gypsum by the addition of water, they being very soluble, 
whilst the latter is very little soluble In that fluid. A 
mixture of phosphate of dime and sulphuric acid is 
frequently called super-phosphate of lime, and is much 
used as a manure. 

246. Magnesia is an earth somewhat similar to lime, 
but far less common and abundant ; like lime, it is the 
oxide of a very combustible metal, which, exposed to the 
air, soon tak^s oxygen and forma the earth. The base of 
magnesia is called magnesium (202). Magnesia occurs 
usually in connection with lime, forming what is called 
magnesian limestone, which is a mixture of carbonate of 
lime and carbonate of magnesia. 

247. The commonest forms in which magnesia is 
foUnd are the carbonate, the sulphate, the muriate, and 
the phosphate. The carbonate is sometimes found 
native, pure, but by far more frequently it is mixed with 
carbonate of lime or limestone, the properties of which it 
conriderably modifies. When carbonate ^iMsg^elb is 
strongly heated, it parts with its carbonic acNl» and the 
pure earth magnesia is obtained. 

248. This earth is almost insoluble in water, and far 
less strongly eaustic than lime ; it also has less affinity 
for carbonic acid, so that when left exposed to the air, 
it does not, like lime, rapidly become converted into 
carbonate, by absorbing carbonic acid from the air, but 
remains for a long time caustic ; and hence, when a 
magnesian limestone is burnt in a limekiln, the quicklime 
obtained of course contains caustic magnesia, which, if 
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exposed to the air, will remain caustic long after the 
lime has become reconyerted into carbonate ; it is for 
this reason that limestone containing . ma^esia cannot 
be used for some purposes, where the caustic powers 
thus retained are objectionable (873). 

249. The carbonate of magnesia, like the carbonate 
of lime, and indeed all other compounds of that acid, is 
easily decomposed by any more powerful acid (117). 

250. When magnesia or its carbonate is acted on by 
sulphuric acid, sulphate of magnesia is formed, which is 
a salt easily dissolved by water, and distinguished by a 
peculiar sweet-bitter taste. It is found in many mineral 
waters, and exists in unusually large quantity in some 
springs near Epsom, in consequence of which it is com- 
monly called Epsom salts. A solution of sulphate of 
magnesia is readily decomposed by the alkaline car- 
bonates ; carbonate of potash, soda, or ammonia, throwing 
down carbonate of magnesia. 

251. The compound of muriatic acid and magnesia, 
or chloride of magnesium, is also frequently found in 
mineral waters, and exists in some quantity in sea-water ; 
it is very soluble in water, and therefore when sea-water 
is evaporated in order to procure the common salt which 
it contains, it is never wholly evaporated ; but when the 
greater part has been driven off by heat, and a large 
quantity of common salt is deposited, the remaining 
liquor, commonly called bittern, which contains a little 
common salt/ and nearly aU the muriate of magnesia, 
and other easily soluble salts, is drawn off. 
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252. The muriate of magnesia, like the muriate of 
lime^Jb a very deliquescent salt ; that is to say, it has a 
very strong attraction for water, and hence when exposed 
to damp air, it soon becomes moist, and at last we find, 
instead of the solid salt, a very strong solution of it in 
water. It is to the presence of a small quantity of these 
two salts in common sea-salt that its deliquescent pro- 
perties before alluded to are duo (204). 

253. The phosphate of magnesia, like the carbonate, 
is seldom found alone, but usually mi.xed with the 
phosphate of -lime : thus we find it associated with that 
substance in small quantity in many animal and vegetable 
matters, and likewise in the soil ; like the phosphate of 
lime, it is insoluble in water, but readily sc^^ble in 
dilute acids. Phosphate of magnesia has a co|i^iderab]o 
tendency to form double salts (112) ; thus :: a double 
phosphate of magnesia and ammonia is very frequently 
found in -plants and animals ; it is readily formed arti- 
ficially by adding phosphate of ammonia to a solution of 
sulphate of magnesia ; it is slightly soluble in water, 
and has beed strongly recommended as a manure. The 
uses of magnesia are limited, and the most important 
purposes to which its compounds are applied are as 
medicines. 
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METALLIC ELEMENTS — THE £AUTHS-r-M£TALS — METALLIC 
OXIDES, AND SALTS, 

254. Aldmina, or pure clay, is a veiy abundant and 
widely-diffused substance. It occurs native both pure 
and in combination, but it is most usually met with 
mixed with another earth called silex, and combined 
with a quantity of water. It is sometimes found pure 
and free from water or any acid, and constitutes the 
hard gems called ruby and sapphire ; but these are very 
rare, and seldom met with* Alumina is the oxide of a 
metal called aluminum (202, 225). 

255. The properties of alumina, in the ordinary state 
in which it occurs in the soil, are very different from 
those of the bases described in the last chapter ; it 
combines with acids to form salts, but is quite insoluble 
in water, has no caustic powers, and does not absorb 
carbonic acid from the air. It has a strong attraction 
for water, and when thoroughly wet, it appears in the 
form of a very tenacious paste, remarkable for its great 
plasticity, and the ease with which it may be moulded 
into any form. All the varieties of clay derive their 
tenacious properties from the large quantity of this earth 
which they contain ; and the whole of the art of making 
pottery, bricks, tiles, &o., is in great part dependent on 
this property of alumina. 
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%6. This earth is able to combine with acids, but 
the salts which it forms are mostly of very little import- 
ance, and we need not inquire into their characters. 
The only one which is found native is the phosphate, 
but this is by no means of common occurrence; it is 
only found in certain districts, and in very limited 
quantity. 

257. The, sulphate of alumina is largely manufactured 
from certain kinds of slate or shale, which contain 
alumina and sulphur. When sulphate of alumina is 
mixed with sulphate of potash, the two salts combine 
and form a double salt, the sulphate of alumina and 
potash, or common alum. If a little potash is added to 
a solution of alum, the sulphate ‘of alumina will be 
decomposed, pure alumina will be separated, and sul- 
phate of potash alone remain in solution (112). 

258. Silica or silex is the only other earth of much 
importance besides the three already mentioned ; it is 
found abundantly, both pure, and mixed or combined with 
alumina and other substances, constituting, in a nearly 
pure condition, quartz, sand, flint, d^c.,and when associated 
with alumina, forming clay and a numerous series of 
stones ; being in fact an essential ingredient of the 
greater number of the hard stones with which we are 
acquainted. 

259. Silica differs from the preceding earth, alumina, 
in not being abase — ^in being unable to combine with 
acids ; indeed it has rather the character of an acid, for 
it is able to combine with the alkalies so much in the 
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manner of acids, that it is yerj frequent^||j||||||B silicic 
acid. Silica is the oxide of a peculiar suE$iH||M 
many of the properties of metal, and to whicbim^|ime 
of Silicon has been given (202). , . ^ 

260. Silica, in its common f^li&is quite insoluble^l^ 
water, unacted m by the air, and iffier ordinary circum^ 
stances, a very unchangeable ;mbstahce ; when, however, 
combined with the alkalies, it is easily^^^olv^d in water, 
and the compound thus formed is soncIlSiines present in 
very small quantity in mineral waters. 

261. When silica is obtained by the decomposition of 
any of its soluble compounds, it appears in the form of 
a transparent jelly, which dries into a very fine white 
powder, like floiir ; when JPreshly precipitated from a 
solution, this* jelly is slightly soluble in water and in 
dilute acids, a property, however, which it loses by being 
thoroughly dried. 

262. The ordinary forms of silica or silicic acid, such 
as sand or fiint, are very little acted on by potash ; but 
when" finely-powdered silica is mixed with potash or 
soda, and strongly heated, they melt and form a clear 
transparent substance, which is in fact glass. Indeed 
so strong is the afiinity which silica has for potash and 
soda, that if fine sand or pounded fiints are mixed with 
the carbonate of either of those bases, and strongly 
heated, the carbonic^ acid is expelled, and the silica and 
alkali unite to form a glass. Such a. compound is called 
a silicate. 

263. Common glass always contains other substances. 
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bu^ tbej^is of all good glass is this compound of silica 
and a|&tdi<^either silicate of potash or soda. The pro- 
portions taken of the two ingredients are always such 
that the glass obtained shall be perfectly unacted on by 
water ; but if more alkali be employed than is requisito 
to form a good glass,* a silicate will be obtained which !'> 
readily soluble in water. A solution thus made is easily 
decomposed by any acid, as the potash has comparatively 
but a weak attraction for the silica, and hence that 
substance is separated from its solution on the addition 
of almost any acid. 

264. Though potash is scarcely able to combine with 
silica at a common temperature in its usual states yet 
when the silica is in an e||;ceedingly fine powder, the 
alkali is able to dissolve a small quantity ; but this action 
is far slower and less perfect than when the two are 
strongly heated together, 

265. Silica is almost always an ingredient of the soil, 
and exists there not only in its solid and iiiBoluhle form 
of sand, but also in the soluble condition of silicate of 
potash or soda ; it will easily bo seen that a^ many 
stones contain silica, they will, whilst gradually decom- 
posing and crumbling down by exposure to the air, 
constantly add to the soil silica in a vory finely divided 
state, and therefore well adapted to combine with cither 
potash or soda ; and besides, as many stories contain 
silica in combination with potash or soda, so these 
stones in crumbling away, present a constant soui’ce of 
soluble silica. 
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266. Silica is found in many j^lants, such as for 
cxamplo, com and grasses, the stalks of vhiclL. mainly 
derive thei strength requisite to enable them to grow 
eroct from the silica which they contain. Plants derive 
this earth from the soil, and are only able to absorb by 
their roots the silica which, Ij having combined with 
alkali, has become soluble m water, and is consequently 
able to enter into the structure of the plant. 

267. Silica, or silicic acid, combines with lime, mag- 
nesia, and alumina, to form silicates, as well as with the 
alkalies, potash and soda ; these silicates are for the most 
part insoluble in water, and constitute, either pure, mixed, 
or combined together, an immense variety of different 
stones ; the action of the atjnosphere and other natural 
circumstances combine to effect the gradual decom- 
position of such compounds. 

268. Besides the three earthy bases already spoken 
of, and a few others of far less importance, as they are 
very rare, and only to bo found in particular places, 
there are a numerous series of bases called metallic 
oxides, several of which are of great importance in the 
arts, and two of which are almost always present in 
small quantity in the soil. 

269. Most of the common metals, such as iron, lead, 
and zinc, gradually tarnish, and become rusty when 
exposed to tho air: the reason of this is that they have a 
strong affinity for oxygen, and under these circumstances 
they gradually become covered with a film of an oxide, 
or compound of the metal with oxygen. Many of these 
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metallic oxides are bases, and form with acids a very 
numerous sene's of salts. 

^ 270. Modern discoveries have shown thdl both the 
earths and alkalies, are in fact, the oxides of peculiar 
and' very oxidisable metals (202). Hence the earths, 
alkalies, and ordinary metallic oxides, are all classed 
together under the general term, base : they combine 
with acids to form salts ; thus gypsum or sulphate of 
lime is a compound of lime, which is the oxide of a 
peculiar metal, and sulphuric acid. Green vitriol or 
sulphate of iron, is a compound of oxide of iron and 
sulphuric acid; and Cheltenham salts, or sulphate of 
soda, consists of soda (the oxide of sodium) and ..dl- 
phuric acid. 

271. To speak correctly, green vitriol should be called 
sulphate of oxide of iron, but such a system would b# 
very inconvenient ; it is therefore customary, when 
speaking of the salts formed by the oxide of a metal, 
merely to call tliem by the name of the metal. Hence, 
when chemists speak of sulpLato of iron, and carbonate 
of lead, they always mean salts of the oxides of those 
metals; the metals themselves, not being bases, could 
not combine with the acids to form salts. 

272. The salts formed by the combination of the dif> 
ferent metallic oxides are called just as if they were salts 
of the metals themselves, because the oxides of the 
ordinary metals have no special names, like potash, and 
soda, &c.; thus tbe sulphate of the oxide of lead, for 
example, is simply called sulphate of lead. When there 
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are two separate oxides of a metali both of which 
form salts with acids« that which contains least 
oxygen is* called a protoxide, and that which contains 
most, a peroxide ; the addition of proto or per to the 
name of a salt, shows whether it is a salt of the 
protoxide, or of the peroxide ; thus the proto-sulphate 
or pcr-sulphate, means a sulphate of the protoxide, or 
peroxide. 

273. The most widely diffused and abundant of all 
the metallic oxides, as well as that which is the most 
important and valuable in the arts, is the oxide of iron, 
which exists in different quantities in a great variety of 
stones, is very common in soils, and is constantly present, 
though only in small quantity, in the blood of animals, 
and in the juices of plants. 

274. Iron is very rarely indeed found native in its 
pure metallic state, but is usually met with in the form 
of an oxide, either pure, or combined with carbonic acid, 
and mixed with alumina and silica. Thus the rich 
black and red iron ores of Cumberland and other places 
are nearly pure oxide of iron, whilst the common clay 
iron-stones, as they are called, of Staffordshire and Wales, 
are either carbonate or oxide of iron, mixed with various 
proportions of alumina and silica. 

275. The important art of smelting iron is entirely a 
chemical operation, and depends mainly upon the fact, 
that at a high temperature, carbon has a stronger affinity 
for oxygen than iron has ; and hqnce, when the native 
oxide of iron is heated with coal or charcoal, it is decom* 
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posed, and carbonic acid gas, and metallic iron are the 
results of the process. 

276. When those ores are smelted which consist prin- 
cipally of oxide of iron, they are at once heated with 
carbon ; but when the clay iron-stones arc used — and 
they are the ores most commonly employed — they arc 
first submitted to a preparatory process something like 
the burning of lime, in order to expel the carbonic acid 
gas which they contain ; and when thus converted into 
oxide of iron, they are mixed with carbon and lime, the 
use of the latter being to combine with the silica or 
silicic acid and alumina, and form with them fusible 
silicates called the slag, which greatly assists in the 
melting and running togcthisr of the newly-reduced iron ; 
and, besides, by covering the metallic iron with a glassy 
coat, they protect it from further oxidation from the 
oxygen of the air. 

277. Iron is able to form two distinct compounds with 
oxygen, according to the quantity of that element with 
which it combines ; when it is combined with two- 
sevenths of its weight of oxygen, it constitutes a black 
substance, which is called the protoxide, and when 
combined with three-sevenths, forms a brownish-red 
substance, called the peroxide. These oxides are both 
bases, and each forms a distinct scries of salts by 
combining with acids ; but the salts formed by the 
protoxide have always a tendency to absorb oxygen from 
the air, and thus become converted into the salts of tlie 
peroxide. 
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278. The colour of a great many stones and soils is 
principally caused hy tho presence of a small quantity 
of cither the peroxide of iron, or of a mixture of both 
its oxides. 

279. The rusting of iron, which proceeds so rapidly 
when iron is exposed to damp air, is caused by the 
attraction which the metal lias for oxygen. It is very 
remarkable that iron is unable to combine with the 
free oxygen always in the air, but is able to take it 
from water, its compound with hydrogen ; for we find that 
in dry air, iron remains clean, and bright for a long 
time, but very rapidly rusts when exposed to tho joint 
action of air, carbonic acid gas, and moisture, under 
which circumstances water •is decomposed, and oxide of 
iron formed. 

280. The rust of iron is not a pure oxide, but com- 
monly a mixture of both oxides with a portion of carbonate, 
or compound of tho protoxide with carbonic acid. Bust 
generally contains a considerable quantity of ammonia, 
for which substance oxide of iron has a strong attrac- 
tion ; when oxide of iron is thrown down from a solution 
which contains it, by ammonia, it is very difficult to 
expel the whole of the ammonia from the precipitated 
oxide even by strongly heating it. 

281. Although iron cannot combine with the free 
oxygon of the air at ordinary temperatures, yet when 
strongly heated it rapidly absorbs oxygen, and then 
becomes converted into a black scaly oxide ; whenever 
a piece of iron is heated in the fire, a quantity of a 

h.2 
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britlie/ black oxide is formed on its surface, which easily 
rubs off the iron — and hence this metal is gradually 
worn awajr hjr exposure to £re ; it is from this reason 
that the iron pokei's, fire-bars, and other things much 
exposed to the fire, gradually get thinner and thinner, 
from the constant oxidation of the surface whilst hot, 
and the removal by rubbing of the brittle coat of oxide 
thus formed. 

282. When a piece of iron is very strongly heated, it 
at last begins to burn, that is to say, the combination 
of the external part with oxygen gbes on so rapidly, 
and evolves so much heat, that the whole mass of iron 
is kept sufficiently hot to continue this process of com- 
bination, and in consequence the iron glows brightly, 
gives off abundance of sparks, and ri^fis down in drops 
of the melted oxide, for some time after it has been 
removed from the fire in which'it was^ vfeated. In fact, 
iron, when thus strongly heated, wdii/td catch fire and 
continue to burn like charcoal^ if were not that the 
crust of oxide formed, protects the metal from further 
oxidation, and soon stops its combustion. 

283. One of the most common and abundant of the 
ores of iron is called pyrites, which is a compound of 
iron and sulphur; it- is not used in the manufacture 
of iron, because it is very difficult to separate the 
sulphur completely from the iron, and the native 
oxides and carbonate are far more convenient sources 
qf the metal. 

284. Pyrites, or sulphuret of iron, is however a sub- 
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stance of considerable importance in the. arts, being one 
of the sources of sulphur, which is obtained by heating 
pyrites in an oven, so constructed that the sulphur 
which is expelled in the state of vapour from the pyrites, 
is cooled and condensed into the solid form in a different 
part of the oven. 

285. Pyrites, when exposed to the air, soon crumbles 
down, and undergoes a vciy curious chango, in conse* 
quenco of absorbing and combining with oxygen. Both 
the iron and the sulphur combine with oxygen, and 

%orm oxide of iron and sulphuric acid ; and hence, the 
result of this action is sulphate of iron, or common 
green vitriol, a salt much used in the arts for a variety 
of purposes. 

286. Pyrites is most abundantly found in the form of 
variously>shaped balls imbedded in chalk ; to which the 
common name of “thunderbolt*' iS very improperly 
applied. As the chalk<hills on the sea-side gradually 
wear away from the action of the sea and weather, these 
balls of pyrites get exposed to the air, and fall down on 
the beach, whence they are collected for the use of 
manufacturers. Many- springs of water contain a small 
quantity of iron, in consequence of which they have a 
peculiar inky taste ; this is usually derived from the 
gradual oxidation of sulphuret of iron, — and from the 
same reason soils also sometimes contain traces of this 
salt. 

287. Sulphuret of iron is likewise very commonly 
found in coal, being sometimes dispersed throughout it 
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in liie fonn of little yellow shining particles, and 
sometimes as layers or lumps of the solid sulphuret ; 
its presence in coal is for some purposes highly objec- 
tionable ; because,, whether the coal is burnt in its crude 
state, or after being converted into coke, a quantity of 
sulphurous acid gas is always formed by the imperfect 
combustion of the sulphur ; and that nauseous-smelling 
gas causes serious mischief in several operations in the 
arts, and consequently in such cases, coal free from 
sulphuret of iron can only be employed. It is the pre- 
sence of this iubstance in coal that causes the strong 
suffocating smell of sulphurous acid sometimes given out 
by coal and coke fires (173). 

288. The oxides of iron ^re ^te insoluble in water, 
but many of the salts of iron, like the sulphate, are 
readily soluble in it ; the solutions of those salts are all 
decomposed when alkali is added to them ; this combines 
with the acid, and the oxide of iron is separated as an 
insoluble powder. 

289. The most important of the salts of iron is the 
sulphate or common green vitriol : it may be formed by 
acting upon iron by dilute sulphuric acid ; when this is 
done, a large quantity of hydrogen gas is given off, in 
consequence of the decomposition of a portion of water ; 
the oxygen combines with the iron to fonn oxide of iron, 
which unites with the acid to form proto-sulphate of iron, 
whilst the hydrogen escapes. Green vitriol is, however, 
made on a large scale, principally from pyrites, in the 
manner just described (285). 
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290. Sulphate of iron, when pure, is a green trans- 
parent salt, wholly soluble in water ; 'exposed to the 
air it becomes brown and earthy-looking, being partially 
decomposed owing to the absorption of oxygen and 
formation of peroxide ; when strongly heated, it is wholly 
decomposed, water and sulphuric acid being given off, 
and oxide of iron left. When pure proto-sulphate of iron 
is decomposed by an alkali, a grey or black precipitate 
is foimed of the protoxide ; after a short time this pre- 
cipitate becomes red, having absorbed oxygen, and 
become peroxide. 

291. The number of different metals known to chemists 
is very considerable, amounting in all to forty-six ; but of 
these the greater number §re comparatively rare, and 
of little importance, not being used for any practical 
purpose, and consequently chiefly interesting in a scien- 
tific point of view. It will therefore be sufiicient to 
consider briefly the leading characters of eight of the 
most important of them (19). 

292. Gold is found native in a pure and separate state ; 
it has very little affinity for oxygen, never tarnishing or 
showing any tendency to oxidise in the air either at 
common temperature or when strongly heated. It is 
insoluble in acids, except in a * mixture of nitric and 
muriatic acid, which dissolves it ; such an acid contains 
free chlorine, for the oxygen of the nitric acid takes the 
hydrogen of the muriatic acid, and sets free the chlorine ; ' 
hence we learn that the only solvent of gold is, in fact, 
a solution of chlorine. 
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293. When a solution of chloride 5f gold thus obtained, 
is mixed with a solution of potash or soda, a dark-coloured 
precipitate falls : this is an oxide of gold ; when heated, 
it parts with the oxygen which it contains, and pure gold 
is left. The soluble compounds of the metal gold are 
all yeiy easily decomposed, because the metal has but a 
very feeble affinity for oxygen, chlorine, &c. 

294. Silver, like gold, occurs native in its pure me- 
tallic state, but it more commonly is found combined; 
with sulphur, as a sulphuret. It resembles gold in having 
a feeble affinity for oxygen, so that it docs not oxid^^ 
either at common temperatures, or when heated, 
most of its compounds are easily decomposed, t^dl^er 
re-assuming the metallic state. Silver readily dissolves in 
nitric or sulphuric acid, and the solutions obtained yield 
oxide of silver, when decomposed by an alkali ; the 
oxide of silver is a salifiable base, and combines with 
acids to form salts. 

295. The compounds of silver are nearly all decom- 
posed by mere exposure to lights So feeble is the 
affinity which it has for most other substances, that the 
greater number of its compounds are decomposed or 
reduced by mere exposure to sunshine. This fact is 
interesting, as an illustration of the chemical powers of 
light, , and, further, as giving us the foundation of that 
very beautiful art of producing pictures by means of 
light,— the Daguerreotype. The salts of gold, also, 
and some of the compounds of mercury are very easily 
decomposed, when exposed to the action tf light. 
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296. Silver has a very strong affinity for chlorine, and 
the chloride of silver is quite insoluble in water ; hence 
silver cannot be dissolved in muriatic acid, and if muriatic 
acid, or aiiy solution containing chlorine, either free or 
in combination, bo added to a solution of silver, the 
^yhole of the metal will be thrown down as insoluble 
white chloride. A solution of nitrate of silver is therefore 
a very useful test, to ascertain the presence of chlorine in 
any solution. 

297- Silver has also a strong affinity for sulphur, 
combining eagerly with it and forming a shining grey 
brittle substance. The tarnish which we see on old 
silver is a thin coat of sulphuret, formed by the sul- 
phuretted hydrogen which generally exists in the air 
of towns. Gold and silver are frequently called noble 
metals, from their having no tendency to oxidise when 
exposed to the air. ^ 

298. Mercury or quicksilver, likewise, is sometimes 
found native in the metallic state, but by far most com- 
monly as a sulphuret ; it is obtained from its ore by 
heating it with a mixture of iron filings and lime ; these 
substances combine with thcr sulphur, and the mercury, 
being a volatile metal, is obtained by a process of 
distillation. 

299. Mercury is fluid at all ordinary temperatures, 
but by exposure to very intense cold, it may be frozen 
into a brilliant hard solid, looking like silver ; when 
heated nearly to redness it boils, rises in vapour and may 
be distilled, just like water. When mercury is kept for 



COPPER. 


106 

some time at a heat -very near its boiling point, it slowly 
absorbs oxygen, and becomes converted into a red 
earthy^looking oxide. Mercury is easily oxidised and 
dissolved by the strong acids ; it forms two oxides, and 
both of them are salifiable bases, — the protoxide is black, 
the peroxide red ; when strongly heated, these oxides arc 
decomposed into metallic mercury and oxygen gas. 

300. Chlorine acts strongly on mercury, and forms 
two chlorides, corresponding in composition to the two 
oxides ; the protochloride, or calomel, is a powerful and 
valuable medicine, — the perchloride, or corrosive sub- 
limate, a violent poison. The former is insoluble in 
water, — the latter soluble ; they are both easily de- 
composed by alkaline solutions, calomel yielding the 
black protoxide, and corrosive subliu)ato the red per- 
oxide of mercury. 

301. Corrosive sublimate has been a good deal used 
to prevent the diy-rot of wood, cordage, dec. ; it com- 
bines with some forms of organic matter, and renders 
them less prone to change. Sulphur and mercur^^asily 
combine, and form a beautiful red compound, vermilion, 
or sulphuret of mercury ; it occurs native as cinnabar, 
the chief ore of the metal. 

302. Copper exists naturally in the pure metallic 
state, but chiefly as a sulphuret, constituting copper 
pyrites ; it is obtained from this ore by roasting, when 
the sulphur is gradually driven ofiF and an impure oxide 
of copper left, which is subsequently strongly heated 
with charcoal, to reduce it to the metallic state. Copper 
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lias a considerable aflSnity for oxygen^ which it absorbs 
from the air at common temperatures. Oxide of copper 
is a black substance, readily obtained by heating copper 
in the air, or Tby decomposing any of its salts, such as 
the sulphate, by an alkali. 

303. The salts of copper are mostly of a blue or bluish- 
green colour ; they are all decomposed by alkaline solu- 
tions, a blue hydrated oxide of copper being precipitated ; 
if ammonia be employed, no precipitate is obtained, or 
if formed, easily dissolves, because the oxide of copper is 
soluble in solution of caustic ammonia, forming a very 
beautiful deep-blue liquid : this property is useful in 
testing for the presence^of copper. 

304. Sulphate of copper, J)lue or Roman vi^ol, may 
be formed directly.' It is manufactured on a la^facale, 
like the sulphate of iron (285) ; by exposing the r^ted 
sulphuret to the air, it absorbs oxygen, and is converted 
into the sulphate. It is a bright-blue salt^ easily soluble 
in water, and used for several purposes ' ii^K^he arts. It 
is frequently employed as a steep for seed-corn. 

305. Zinc is never found 4^ the metallic s^te ; its 
ores are calamine, which is a carbonate, and Idknde, a 
sulphuret ; it is obtained by roasting the ores, which in 
the one case drives off the carbonic acid, and in the other 
dissipates the sulphur; the roasted ore is then mixed 
with charcoal and distilled ; the metal is volatile at a 
very high temperature. 

306. When zinc is strongly heated in the air, it burns 
with a bright flame, and is converted into a white oxide. 
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wliicli may also be obtained by acting on tbe metal by 
a^Wd ; the metal easily oxidises and dissolves, forming 
a salt from which the oxide may be obtained, on the 
addition of an alkali. Sulphate of zinc, or white vitriol, 
is a white salt, .very easily soluble in water, and made 
either from the metal and sulphuric acid, or from the 
native sulphuret. 

307. Zinc has a strong af^nity for chlorine ; by dis- 
solving the metal in muriatic acid, a solution of the 
chloride is obtained. It is very soluble in water, and 
has been much employed to preserve wood and canvas 
from decay. 

308. Tin occurs native almost entirely as an oxide, 
from which the metal is obtaii^cd pure by merely heating 
with Qbarcoal. Heated in the air it easily oxidises, and 
by thic action of acids a protoxide and peroxide, may bo 
procured. Peroxide of tin, the same substance which 
occurs nativb as tin-stone, is artificially made, as 
polishing powder, being called “ putty powder.” Oxide 
of tin has a remarkable affinity for colouring matter, and 
hence is much used by dyers in fixing colours. The 
bisulphuret of tin is of a beautiful golden yellow colour, 
and is employed for various ornamental purposes in the 
arts, under the name of mosaic gold. 

309. Manganese, like tin, is found only as an oxide ; 
it is a metal in many respects considerably resembling 
iron, but having a much stronger attraction for oxygen, 
and consequently obtained in the metallic state with very 
great difficulty ; it forms several oxides, only one of 
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which, however, is a base ; some of its salts are employed 
in dyeing ; and the peroxide is much used in the process 
for obtaining chlorine (191). Manganese is very often 
found associated with iron in rocks and stones, and not 
unfrequently exists in minute quantity in soils ; it is, 
comparatively speaking, however, a rare metal. 

310. Lead is obtained almost exclusively from the 
native sulphuret ; it never is found in the pure metallic 
state. The sulphuret is roasted, by which the sulphur 
is gradually driven off, and an impure oxide formed, 
which remains mixed with a largo quantity of sulphuret ; 
this is then smelted with small coal or other carbon- 
aceous matter. Lead has a strong affinity for oxygen, 
in consequcnc0» of which it •tarnishes slowly at common 
temperatures, and quickly when melted. At a red heat, 
lead is gradually converted into a yellow substance, called 
litharge, — this is an impure protoxide ; if still longer 
exposed to the air and heat, it absorbs more oxygen and 
becomes red lead or minium ; besides these two, there is 
yet a third oxide of lead, which, however, cannot be 
formed by further heating red lead under the influence 
of air, but which is easily made by acting on red lead by 
nitric acid ; the lead then acquires a third portion of 
oxygen and becomes a dark brown peroxide. 

311. Of these three oxides, only one, the protoxide, is 
a base ; the other two oxides, when acted on by acids, 
part with a portion of their oxygen, and J)ass into the 
state of protoxide before they can combine with the acid. 
The most important of the salts of lead is the carbonate^ 
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or white lead, a substance better suited than any other 
which is known for the manufacture of white paint ; it is 
made either by decomposing a soluble salt of lead by an 
alkaline carbonate, or by exposing lead to the action of 
the vapour of vinegar and carbonic acid gas. The acetate 
of lead, likewise, is manpfactu^d on a large scale, and 
used for various purposes in the arts. 

312. Lead has a stro^ affinity for sulphur, and in 
consequence of this most of the salts of lead are decom- 
posed by sulphuretted hydrogen ; the blackening of 
white paint is due to this cause. As the siilphiiret of 
lead is decomposed by chlorine, white paint thus 
blackened may be cleaned by muriatic acid ; this cem- 
verts the black sulphuret into a white chloride, though ij; 
never looks so white as the carbonate did before. 

313. Lead is acted on by pure water in a very 
remarkable way, being oxidised and dissolved with great 
facility ; this is not the case with common water con- 
taining salts of lime, &c., (75). Rain water, or very 
pure water, kept in leaden cisterns, or passing through 
leaden pipes, often dissolves so much lead as to become 
unwholesome, or even poisonous ; and for the same reason 
leaden covers to cisterns are equally objectionable, be- 
cause the water which condenses on the cover, being of 
course pure (73), corrodes and dissolves the lead, and 
dripping down again into the cistern, contaminates the 
water, which otherwise might have remained pure and 
wholesome: a great deal of disease is probably caused by 
want of attention to these facts. 
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314. Many of the metals, when melted together, 
combine to form what are called alloys or mixed metals; 
some of these appear to be regular definite compounds, 
though others are obviously meVc mixtures. The most 
important of the alloys are gold and copper, and silver 
and copper, which are harder than gold or silver alone ; 
these alloys are used for plate, coin, dec. Zinc and 
copper, or brass ; tin and copper, or bell-metal ; tin and 
iron, or common tin plate, which is often supposed to be 
merely tin, though it really consists of thin plates of 
iron, alloyed on the surface with tin, so as to have the 
strength and stiffness of the iron, together with the freo- 
dom from rusting of the tin. Zinc and iron, or “ gal- 
vanized iron,’' as it is frc4j[uently called; it is iron 
alloyed or covered on the surface with a film of zinc, 
which greatly protects it from corrosion ; and, lastly, 
lead and tin, or pewter, and common solder. 
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CHAPTER V. 

ORGANIC MATTER^ — THE NATURE AND COMPOSITION OP 
VEGETABLE SUBSTANCES. 

315. Wb have now very briefly described most of 
those substances which are of importance in studying 
vegetable chemistry. Before explaining the action which 
they have on the growth of plants, it will be 

go a little more into detail respecting the of 

organic matter ; that is to say, the various coi^^und 
substances Vhich constitute the bodies of animals and 
plants. 

316. Most of the substances hitherto dcscribod, such 
as water, ammonia, carbonic acid, common salt, d^c., 
consist wholly of two elements, and are therefore some- 
times called binary compounds. On the contrary, all 
animal and vegetable substances consist of three or four 
elements, and are consequently termed ternary or qua- 
ternary compounds. It has been already stated that 
plants and animals are composed of carbon, oxygen, 
hydrogen, and nitrogen (92). It is very important to 
understand clearly the nature of the compounds formed 
by these elements. 

317. When we endeavour to analyse a plant, that is 
to say, to ascertain of what it is composed, we find that 
the greater part of it consists of carbon, oxygen, hy- 
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drogen, and a small portion of nitrogen, combined 
together. When wo burn it, or in any other way 
weaken the affinity which the elements have for each 
other, they separate, and by combining together, gene- 
rally form water, carbonic acid gas, and ammonia. 

318. When a plant is boiled in water, it is found 
that part of the plant dissolves in the water, whilst 
part remains insoluble, and we are unable by long- 
continued boiling to make the whole of it dissolve in the 
water. These, then, are two great divisions of vegetable 
matter — that which is soluble in water, and that which 
is not. Ey very simple operations of this kind it 4s easy 
to discover that plants are composed of ^ variety of 
different compound substances,, readily distinguished 
from each other by the different properties which they 
possess. Of those which are usually found in all plants, 
the most abundant are called lignin, starch, gum, sugar, 
gluten, and albumen. The four former consist of carbon, 
oxygen, and hydrogen alone, whilst the two latter con- 
tain, in addition to these elements, a portion of nitrogen. 

319. Lignin, or pure woody fibre, exists in almost all 
plants ; it constitutes the greater part of the stem, wood, 
hark, and branches of trees, and is present, though in 
smaller quantity, in the leaves and flowers of trees, 
shrubs, and succulent plants. It is the most solid con- 
stituent of plants ; giving strength to those parts in 
which any quantity of it exists. It may readily he 
separated from the other matters with which it is asso- 
ciated, by bruising aud long-continued boiling in water 

I 
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4 f^nd spirit : by these means the softer or more soluble 
substances may be separated, and pure lignin is left. 
In the process for preparing flax, the stems of the flax 
plant are allowed to remain in water for some time ; the 
green, soft parts decay, and at last nothing but the 
lignin or woody fibre is left. 

320. Pure lignin is a white tough fibrous substance, 
composed of an infinite number of very fine threads or 
fibres, perfectly insoluble in water, and not at all altered 
by keeping in dry air. When heated in the air it soon 
turns brown, being partly decomposed i if it bo still 
further^ heated, it takes fire, and burns with a bright 
flame, the results of its combustion being water and 
carbonic acid gas. Its composition is — 


Carbon . 

. * . 

. 4980 

Oxygen . . . 

. 

. . 4462 

Hydrogen . 

. 

. . 658 
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321. The woody fibre of plants is not^ure lignin. 
It consists of cells and tubes more or less etcrusted and 
filled up with resinous and other matter, which renders 
them stiff and hard. The fibre of fine linen or cotton 
may be taken as an example of tolerably pure lignin ; 
because the foreign matters originally associate^with it 
have been almost entirely removed, by various processes 
whioii the fibre has undergone, in the different opera- 
tions of the manufacturer. 

322. Pure lignin, or cellulose as it Is sometimes 
termed, is scarcely at aU acted on by acid or alkaline 
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solutions^ either hot or oold, unless they are very con- 
centrated. Strong sulptmrio aoid converts it into gum 
(359). Strong nitric acid produces a very remarkable 
effect on lignin, and changes it into gun-cottOti, or 
xyloidine. In this auction the lignin is partially decom- 
posed, and a portion of its oxygen and hyditogOri, in 
those proportions which would form water, is replaced 
by some of the oxygen and nitrogen Of the nitric 
acid. 

323. Gun-cotton is best formed by Steeping pure 
clean cotton- wool, quite free from all oily matters, either 
in very strong nitric acid, or in a mixture of nitric and 
sulphuric acids; the addition of the latter is merely 
made for the purpose of ai'endering the nitric acid' 
stronger by extracting the water which it contains. 
The cotton increases considerably in weight, and when 
well washed and dried is found to be highly explosive. 
It detonates at a heat a very little above that Of boiling 
water, with a bright dash, and is wholly converted into 
carbonic acid, nitrogen^ steam, &c, 

324. Woody dbre has a strong affinity, for various 
colouring matters, and also for some particular metallic 
oxides, especially alumina, and the oxides of iron and 
tin ; solutions of theso substances are consequently 

^much used by dyers. The cotton to bo dyed is first 
impregnated with the mordaunt, as these substances are 
called, and subsequently dyed by being immersed in the 
coloured solution (542). 

325. When wood is distilled, or roasted in close 

I 2 
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vessels, various substances are formed amongst these 
are vinegar or pyroligneous acid (488), and wood or 
pyrpxylic spirit. The latter is a volatile, pungent- 
smelling liquid, which burns easily, with a pale ilame, 
like spirit of wine. It is much used by hatters, varnish- 
makers, and others, as a solvent for resins. 

. 326. Starch is almost always found in considerable 
quantity in all parts of plants. When pure it is a white 
powder, insoluble in cold water, but readily dissolving in 
that fluid when boiling hot. There are many different 
varieties of starch, distinguished from one another by 
some peculiar property, and which have received various 
names, according to the plant frpni which they are 
obtained. Common wheat-starch, which exists in large 
quantities in the seed of wheat, is a good example of the 
general character of this substance. 

327. When starch is dissolved in hot water, it forms 
a thick viscid semi-transparent liquid, which if ovapr 
rated leaves a yellowish transparent horn-like substance, 
which readily swells and softens in cold water. Hot 
water, though it greatly changes the appearance and 
properties of starch, does not in any way alter its chemi- 
cal composition. 

328. Starch is obtained from wheat by steeping it in 
water, and subsequently squeezing and washing the soft- 
ened grain, and then allowing the milky liquid thus 
obtained to stand for some time. The cells and mem- 
branes which enclose the starch are thus broken and 
destroyedi and as the starch is insoluble in cold water, it 
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is then easily washed out, and separated from the husk 
and other insoluble parts of the grain ; the water is then 
allowed to settle, thoi starch falls to the bottom and is 
collected and dried. 

329. This softening and destruction of the membranes 
of the seed is greatly assisted by the presence of, a small 
quantity of certain acids hoi the water which dissolves 
the gluten ; a;||pall quantity of lactic acid is always 
produced whenifgrain is thus steeped in water, ^d this 
is essential to manufacture of starch. A similar 
effect may be produced by a weak alkaline solution, and 
accordingly a dilute solution of caustic soda is employed 
by starch-makers to soften particular sorts of grain, such 
as rice, Indian corn, <fcc. (3Z7). 

330. When grated potatoes are placed on a sieve, 
under a stream of water, a very large quantity of starch 
may be washed out. The starch will soon settle to the 
bottom of the water, the soluble matters of the potato 
will be dissolved, and at last there will remain on the 
sieve little else beside the lignin or fibre which the 
potatoes contained, together with a quantity of starch 
which cannot be separated from the fibre by .mere 
washing. 

331. Potato-flour, arrow-root, tapioca, and sago, are 
all varieties of starch ; simUar substances are likewise 
obtained froni Iceland moss, the seed of the chesnut, and 
many other plants. They all agree in general chemical 
characters with wheat^starch, and, like it, consist of 
carbon, oxygen, and hydrogen, rather less, than one 
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half of their weight consisting of 

oxygen. Starch 

consists of— ^ 


Carbon 

. 4425 

Oxygen 

. . 4.008 

Hydrogen 

. 667 


10,000 


332. When starch is oxattined by the help of a mag- 
nifying glass, it is found to consist of variously shaped 
transparent little grains, marked in a very peculiar 
manner. These grains vary in shape and size according 
to the plant from which they are obtained ; this fact 
renders it possible to ascertain whether any paHicular 
sample of starch is arrow-root, potato starch, wheat 
starch, or a mixture of several kinds. 

333. The quantity of starch obtained from di^erent 
plants varies very much. Good wheat generally yields 
from 70 to 75 per cent. ; barley contains nearly 80 ; 
oats and rye, 60 to 65 ; beans 40 to 45 ; peas about 
50 ; potatoes 15 to 20 ; arrow-root, 20 to 25. Almost 
all the seeds and grain used as articles of food, such as 
wlieat. barley, oats, lye, maize, rice, millet, Ac., con- 
tain a largo quantity of starch. Semolina is prepared 
from hard Italian wheat ; it is the hard granular particles 
which escape the .action of the mill-Btones. Macaroni is 
the dried paste of hard wheat, which is pressed out from 
a })ox through apertures, which gives it its hollow form. 
The polenta of t);Le Itidians is prepared by roasting maize 
when the seed is only half ripe. 

334. Tliere is a peculiar modification of starch which 
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exists in the tubers of the Jerusalem artichoke, dahlia, 
and many similar plants, and is called inulin ; it con- 
tains a rather smaller proportion of carbon than common 
starch docs. 

335. Under the name of Gum are included several 
substances, which differ considerably in their nature and 
properties. They all agree in being tasteless, or nearly 
so ; but some dissolve readily in water, and form a clear 
transparent solution ; whilst others do not dissolve, but 
merely soften and swell up in water, forming a gelatinous 
mass. Gum arabic is a good example of the first kind, 
whilst common cherry-tree gum belongs to the insoluble 
variety of gum, 

. 336. Gum is a natural oKudation from many plants, 
appeariug on their surface in the form of transparent 
drops or tears, which dry and harden in the air. Most 
fruits contain a considerable quantity of gum, and exuda- 
tions of gum are frequently found on many fruits, 
particularly the plum. There is a peculiar substance 
resembling gum, to which the name of pectine is given, 
and which exists in most fruits; it gelatinises with 
water, and gives to fruits the property which they have 
of forming imperfect jellies. Black currant and apple 
jelly consist chiefly of pectine. The same form of gum 
is found ill the carrot, parsnip, and many similar roots. 

337. A solution of gum in water is called mucilage ; 
comparatively a small quantity of gum renders water 
thick and. slimy : such a solution feels sticky to the 
fingers ; it dries slowly, and leaves a small quantity of 
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gum on the surface of any substance over which it has 
been spread. Gum is insoluble in spirit of wine ; hence 
mucilage is precipitated, and the gum it contains thrown 
down as an insoluble curd when mixed with spirit. The 
juices of many plants are sticky from the quantity of 
gum which they contain. 

338. Gum consists of the same elements as btarch, 
namely, oxygen, hydrogen, and carbon ; but it contains 
a rather larger proportion of oxygen than starch does. 


Gum consists of — 




Cathon 

, 

, , 

. ^268 

Oxygen . 

. 

. 

. . 505,0 

H} drogen 

• 

• • 

. C37 

10,000 


339. Associated with gum in many plants, tliere is 
found a substance which dissolves easily in water, and 
like gum, forms a sticky thick solution ; it is distin- 
guished readily from gum, ^however, 'by possessing a 
sweet taste, whilst gum is insipid or tasteless ; it is 
called sugar or saccharine matter, under which names 
a considerable variety of different substances are included. 

340. Sugars are divided into two classes : those 
which are crystallisable, and those which are uncrystal- 
lisable : that is to say, those which, when their solution 
in water is evaporated, are obtained in the form of 
regular-shaped little grains, like common cane sugar, 
and those which under these circumstances do not form 
regular grains, but remain thick viscid liquids, like 
treacle. The crystallisable sugars are divided into two 
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classes— cane sugar, 4 ind grape sugar ; these two va- 
rieties differ slightly in composition, the latter containing 
rather more hydrogen and oxygen in proportion to its 
carbon than cane sugar ; they differ very considerably 
in chemical properties, grape sugar only being capable of 
undergoing fermentation (365). 

341. Sugar exists in a great many vegetables, but it 
very frequently happens that there are so many other 
substances present, that the sweet" taste of the sugar is 
quite hidden. It is only in those plants which contain 
a very large proportion of sugar, or which do not con- 
tain any strong-tasted substances, that we are able to 
recognise sugar by its sw^et taste. Most ripe fruits 
contain a large quantity of •sugar ; it is likewise found 
abundantly in the sap of a good many trees, from somd 
of which, like the sugar maple, it is procured in such 
quantities as to be extracted as an article of commerce. 

342. The composition of sugar is similar to that of 
starch : the proportions m which its three elements, 
oxygen, hydrogen, and carbon, are united together are 
very nearly the same as in starch. The varieties of 
sugar contain slightly different proportions of these 
elements ; thus the composition of cane sugar is not 
precisely the same as that of sugar obtained from grapes, 
beet-root, or other plants. Cane sugar consists of — 


Carbon 4499 

Oxygon 4860 

Hydiogen . . .... 641 

10,000 
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The composition of grape sugar is«- 


Caibon 

. 3671 

Oxygen .... 

. . 5651 

Hydrogen 

. C78 


10,000 


343. The manufacture of sugar from the sugar-cane 
is chiefly carried on in tropical countries. The canes 
are cut in pieces, and crushed in a rolling-mill, so as to 
squeeze out the juice. The juice thus obtained is mixed 
with a small quantity of lime, and rapidly heated to the 
boiling point. The scum which separates isj||llected 
and removed, and when the juice is sufllcicntly e^^pi'ated, 
it is allowed to cool that the sugar may separate. The 
uncrystallisable syrup, or molasses, is drained off from 
the crude sugar thus obtained, and which is termed raw 
or Muscovado sugar. 

344. Sugar is refined by dissolving the raw sugar in 
a proper quantity of water, a.^rtion of albumen is added, 
either blood or white of egg ; the solution is then heated, 
and the albumen, as it coagulates and separates, entangles 
and removes all the solid impurities which the sugar 
contained. The solution is purified and bleached by 
filtration through charcoal (162), carefully evaporated, 
and then allowed to crystallise. The evaporation of the 
cane juice must be carried on as rapidly as possible, but 
at the same time, exposure to a high temperature is very 
objectionable, because the higher the heat, and the 
longer the juice is exposed to it,^ the greater will be the 
quantity of molasses formed ; a number of ingenious 
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arrangements have consequently been devised to facili- 
tate the* evaporation of the solution of sugar at the lowest 
possible temperature. 

345. Sugar is readily soluble in water, and also dis- 
solves, though less easily in alcohol. When a strong 
hot syrup is suffered to cool slowly sugar is deposited in 
large and regular crystals^ In the manufacture of sugar- 
candy, as these crystals are termed, the syrup is left 
quiet, and strings are suspended across it, which assist in 
the deposition and formation of large and clear crystals. 
In ordinary sugar-refining the formation of crystals is 
not desired, and therefore the solution is continually 
stirred, whilst it is cooling. When sugar is melted, it 
loses its crystalline characteor, and becomes barley-sugar : 
if vety high heat is employed to melt the sugar, it 
becomes converted into caramel, or burnt sugar ; this 
has a dark brown colour, and is used 'to give colour to 
brandy and other similar spirits. 

346. Albumen and gluten in many respects are very 
similar ; they ezist in plants in smaller quantities than 
the three substances already described; but they are 
nevertheless most important, and of especial interest, as 
their presence in vegetables i8< essential to their value as 
food (597). 

347. When the clear juice of any plant is boiled, 
there usually collects on the surface a thick green scum* 
which may easily be separated by straining the liquor 
through linen. This scum consists almost entirely of 
albumen and gluten* the former being a distinct proximate 
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vegetable principle, the latter a mixture of tvro separate 
principles, fibrin and gliadine, with oil ; they arc asso- 
ciated together, and exist in greater or less quantity in 
almost all plants. In general the seeds of plants contain 
even a larger relative proportion of these substances than 
the plants themse'ves. A modification of these sub- 
stances, which is found in many plants, is called legu- 
mine or vegetable caseine, because it is almost identical 
with the peculiar principle of milk, called caseine (568). 

348. The flour of wheat contains a considerable pro- 

portion of gluten ; it may be readily separated from flour 
by tying a portion of thick paste in a piece of liiten, and 
then kneading the paste thus inclosed in linep^under a 
stream of cold water ; by tlvs process all the starch will 
gradually be washed out, and at last there will remaip in 
the linen, nothing but gluten. ^ ' 

349. Gluten, when thus obtained, is a greyish white, 
soft, solid substance, elastid and tough, and almost resem- 
bling a piece of animal skin in appearance ; it may be 
dried by carefully warming it, till all the water which it 
contains is evaporated ; and when dry may be preserved 
for a long time without its undergoing any change. By 
boiling gluten in alcohol *it is separated into three sub- 
stances, — pure vegetable fibrin, an oil, and a tough 
glue-like substance called gliadine. Vegetable fibrin is 
insoluble in water, soluble in dilute alkaline liquids, very 
prone to decompose, and apparently identical with animal 
fibrin in nature and«eompo8ition. 

350. Albumen, fibrin, caseine, and gliadine, contain 
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nitrogen; and all organic substances containing .fiitrogen 
have a great tendency to putrefy. Albumen consists of — 


Carbon . . ... 

. 5501 

Hydrogen 

. . 723 

I*9itrogen . . . . . . 

. 1592 

Oxygen with i^hosphorus and Sulphur 

. . 2184 


10,000 

351. Vegetable fibrin consists of — 


Carbon . .... 

. 54G0 

Hydrogen . . . . 

.‘ . 730 

^Nitrogen . . . . 

. 1581 

Oxygen with Phosphorus and Sulphur 

. . 2229 


10,000 


352. It is certainly a very surprising fact that so many 
different substances should be formed by the combination 
of the same elements in different proportions. Nothing 
can well be more dissimilar than oil and sugar, flax and 
starch ; yet it is easily proved that they all consist of 
the same elements, — carbon, oxygen, and hydrogen. 

353. The knowledge of this might naturally lead one 
to suppose, that if the whole difference between such 
substances consists in the relative proportions of carbon, 
oxygen, and hydrogen which they contain, it might be 
possible, by some chemical operation, to take away a 
small portion of carbon or hydrogen, and thus, by alter- 
ing the relative proportions of the elements, to convert 
starch into gum, or flax into starch. * Now this can 
really be done; and strange as it may appear, it is 
nevertheless true, that, by very simple means, it is easy 
to change gum, starch, and lignin, dec. into each other. 



1 2S ORGANIC CHATOES. 

354. The rarioRS vegetable substances, though so 
different in properties, are very similar in chemical com- 
position, and may for the moat part be readily converted 
or changed into oach other, by simple means. They 
may, when pure, be preserved unchanged for an unlimited 
time, if quite dry ; but when exposed to air and moisture 
they sooner or later begin to decompose. Those which 
consist of carbon, hydrogen, and oxygen alone, are far 
less prone to decompose than those which contai^^ln 
addition nitrogen ; and these latter; when decapng, 
possess the singular property of causing substances 
which do not contain nitrogen to decompose , or ' change 
likewise. 

355. When vegetable substances, such as lignin or 
sugar, are burnt in the air, water and oail^ionie acid are 
produced ; precisely the same substances are formed by 
decay, as by combustion. When gluten . and albumen 
arc burnt, water, carbonic acid, ^iid ^ammonia ' are 
formed. 

356. The tranformation of one organic' substance 
into another, is a very interesting and remarkable opera- 
tion. It is plain that such changes must be constantly 
going on in the organs of plants, and hence everything 
which throws light on the nature of these transformations 
is of interest. 

357. When the chemical affinity which unites the 
elements of any compound substance, is feeble, and espe- 
cially when the compound consists of several elements, 
there is ialwaya a considerable tendency to decompose. 
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and the elements are yerjr prone to arrange themselves 
in simpler^ and more permanent combinations. Very 
slight circumstances therefore are able to determine the 
decomposition of such compounds, and ther change may 
be brought about in various ways. 

358. Some of these transformations are spontaneous, 
some require the presence of a particular substance, 
which however has no direct chemical action on the 
compound itself, or on any of its elements ; and many 
are induced, or c4lBcd by the example of some other 
compound, which is itself in an active state of decom- 
])osition. 

359. When strong sulphuric acid is poured over lignin, 
it rapidly changes it into gum ; after a few minutes the 
fibrous character of the lignin disappears, and a thick 
slimy, substance is formed ; if the acid is then diluted 
with water, and chalk be then added to neutralise the 
acid, sulphate of lime will be thrown down, and a solution 
of gum is obtained. If the acid is left in contact with 
the gum it soon begins to- char it, and finally completely 
decomposes it. 

360. Starch may also be converted into gum by a very 
simple process ; when starch is heated considerably above 
the boiling point of water, it is changed into a kind of 
gum ; large quantities of ntarch are thus made into gum 
by roasting, and used by the calico-printers under the 
name of British gum ; by chemists it is called dextrine. 
The same change may be efieoted by boiling gelatinous 
starch with dilute, sulphuric acid ; it soon loses its 
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gelatinous character^ becomes Sticky, and is converted 
into gum. Starch also undergoes this change when 
acted on by diastase (685); a small quantity of this 
substance, added to a considerable quantity of gelatinous 
starch, rapidly converts it into gum. 

361. If, having converted a portion of lignin into gum 
by the action of strong sulphuric acid, we add a quantity 
of water so as to dilute the acid, and then boil the whole 
together for some hours,, the gum will gradually be 
changed into sugar ; by this processjfchen, we may con- 
vert flax^ hemp, or woody fibre of any kind, even old 
rags, for they consist chiefly of lignin* into sugar. When 
the change is complete, the sulphuric acid may neu- 
tralised by the addition of cw quantity of chalk ; sugai^and 
a little sulphate of lime, will them be left in solution. 
By continuing to boil starch with dilute supharic aqid in 
the manner just described, after it has all been converted 
into gum, sugar is also obtained. 

362. In those very curious transformations, the sul- 
phuric acid employed does not undergo any alteration 
whatever : none of it is decomposed, it retains all its 
powers unimpaired, and it is easy to recover, , at the end 
of the operation, ih^ whole of the acid originally *em- 
ployed. It does not abstract anything from the sub- 
stances with which it is boi]ed,^'nor does any part of the 
acid unite or combine with them. 

363. All the effect which the acid produces is,. that 
its piresence under these circumstances causes a change 
in the chemical nature of the substances with which It is 
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boiled. In the case of starch, it is thus enabled to take 
up and combine with about one-sixth of its weight of 
water, or rather of oxygen and hydrogen, in those pro- 
portions which would form water, and in so doing the 
starch is converted into sugar. The same effects may 
be produced with many other acids besides the sul- 
phuric (373). 

364. Sugar, spirit of wine, and vinegar consist of 
the same elements : they contain oxygen, carbon; and 
hydrogen ; but theielements are united in different pro- 
portions : the properties of these three substances are as 
opposite as they well can be, and yet the whole difference 
is in the proportions of their elements. It is well 
known that when a solution of sugar ferments, it is 
changed into spirit ; it parts with a portion of carbon 
and oxygen, and the elements loft constitute spirit ; 
hence, during fermentation, carbonic acid is given off. 
Again, when spirit and water is exposed to the air and 
moderate warmth, it soon changes into vinegar ; this 
change is wholly effected by the absorption of a little 
oxygon from the air. 

365. Fermentation is a Very^ singular process, and a 
knowledge of the effects which it prdduces enables us to 
understand many changes which would otherwise appear 
incomprehensible. Under ordinary circumstances, pure 
sugar, dry or dissolved in water, may be kept for a long 
time without its undergoing any change ; when, however, 
it is mixed with a small quantity of certain decomposing 
matters containing nitrogen, it ferments, and is, changed 

K , 
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into Spirit. The substance added does not combine ^vith 
the sugar or its elements, but, whilst itself decomposing, 
it causes the sugar also to change. 

366. Fermentation, then, is the spontaneous decom- 
position of a substance, occasioned by the presence of a 
small quantity of decomposing matter. The yeast, or 
ferment of beer, possesses th# power of inducing the 
decomposition of sugar and similar substances when 
mixed with them. Common yeast, and all substances 
which possess the power of causing fermentation, contain 
nitrogen ; they are compounds of carbon, oxygen, hydro- 
gen, and nitrogen, and are accordingly very liable to 
decompose. During the fermentation of any liquid, the 
azotised matters present, which constitute the ferment, 
and are in on active state of decomposition, gradually 
separate, either rising to the surface, or falling to the 
bottom. This ferment, yeast, or barm, may tlien be 
removed and added to any other solution, the fermenta- 
tion of which it is desired to excite. In most cases there 
is more azotised matter present than i^ required to 
induce the fermentation of all the sugar, and hence there 
is generally a quantity of ;ferment left over, wlicn the' 
operation is finished. 

367 . Most varieties of sugar are capable of undergoing 
fermentation, but it appears that in all cases they 
previously pass into a state of grope sugar. When a 
solution containing sugar and ferment is kept for some 
time at a moderate temperature, the sweet taste of the 
sugar gradually disappears, much gas is given off, the 
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mixture froths up from the escape of carbonic acid, and 
when the fermentation is complete, spirit is found in 
place of sugar. When such a fermented liquor is distilled 
the spirit passes over before the water, being more vola- 
tile; at least the first portions of the liquid which pass 
over contain the greater part of the spirit. 

368. Common spirit of wine is a mixture of alcohol 
and water; by repeated distillation with substances 
which have a strong affinity for water, pure alcohol may 
be obtained ; it is much lighter than water, and boils at 
a lower temperature than that liquid. Alcohol consists of 
carbon, oxygen, and hydrogen', but contains in proportion 
^css carbon, and much less oxygen, than starch or sugar do. 

369. In expressing the compositiou of starch, sugar, 

and the other principles of plants, the proportion of the 
different elements, per cent., has been given ; for some 
reasons, however, it is more convenient to calculate the 
number of equivalents of each constituent ; and this is 
not difficult to do when the composition of the substance 
is once known. . 

370. For example: ton thousand parts of sugar is 
found to consist of carbon 4198, hydrogen 643, and 
oxygen 5159 : now, the equivalents or combining weights 
of these three elements are respectively 6, 1, and 8. If, 
then, we divide the numbers just given by these com- 
bining weights, we shall obtain 699 equivalents of carbon, 
643 of hydrogen, and 644 of oxygen ; and on equally 
reducing these, so as to obtain> the lowest number of 
equivalents, preserving this ratio, we shall at last find 

k2 
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that sugar consists of 12 equivalents of carbon, 11 of 
hydrogen, and 1 1 of oxygen. 

371. This mode of stating the composition of a sub- 
stance, is very convenient in explaining the varkoi 
transformations which organic matter undergoes. WnS 
a solution of sugar begins to ferment, the first thing is, 
that the cane sugar passes into the state of grape sugar; 
each equivalent of cane sugar takes up, and combines 
with, three additional equivalents of water. This change 
may be thus expressed : 1 equiv. cane sugar contains 
12 equiv. carbon; 11 equiv. oxygen, 11 equiv. hydrogen. 
In passing into grape sugar it takes up 3 equiv. of water, 
or 3 eqmv. oxygen, and 3 equiv. hydrqgen, and so 
becomes 1 equiv. of grape ^ugar, containing 12 equiv. 
carbon, 14 equiv. oxygen, 14 equiv. hydrogen. 

Carbon. Oxygen. Hydrogen. 

1 eqiiiv. Cane Sugar, containing 12 11 II 

and 3 equiv. Water „ 0.3 3 

forms — — — 

1 equiv. Grape Sugar „ 12^*-' 14 14 

372. In the second stage of fermentation, this grape 
sugar is decomposed and separated into alcohol, carbonic 
acid, and water : 1 equiv. of grape sugar containing 12 
equiv. carbon, 14 equiv. oxygen, 14 equiv. hydrogen, 
during fermentation is resolved as follows : — 


Carbon. 

Oxygen. 

Hydrogen 1 

1 equiv. Grape Sugar, containing 12 

14 

14 

forms . 

— 

— 

2 equiv. Alcohol - . 8 

4 

12 

2 equiv. Water „ 0 

2 

2 

4 equiv. Carbonic Acid „ 4 

8 . 

0 
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373. In the same way« the changes wUch occur 
during the transformation of starch into grape sugar, 
may be similarly explained: when this happens, each 
equivalent of starch takes up four equivalents of water, 
and forms one equivalent of sugar : it follows from this 
fact, that tho quantity of sugar formed always weighs 
considerably more than the starch from which it is 
obtained. ‘ 

374. One equivalent of starch contains 12 equiv. 
carbon, 10 equiv. oxygen, 10 equiv. hydrogen ; when 
acted on by diastase, or boiled with a dilute acid, it 
takes up in addition the elements of 4 equ^*v. of water, 
or 4 equiv. of oxygenf and 4 equiv. hydrogen, and is 
converted into 1 equiv. of grape sugar consisting of 12 
equiv. carbon, 14 equiv. oxygen, 14 equiv. hydrogen. 


1 equiv. Starch, containing 

Carbon. 

12 

Oxygen. 

10 

Hydrogen. 

10 

and 4 equiv. Water ,, 

0 

4 

4 

forms 

— 


-.L 

1 equiv. Grape Sugar „ 

12 

14 

14 


375. A liquid which has akeady undergone the vinous 
or alcoholic fermentation, is still able to undergo another 
change, namely, the acetic fermentation ; which occurs 
where weak spirit of wine, in contact With some ferniont, 
is exposed to the air. Alcohol and water together, 
whether exposed to the ail: or not, undergoes no change 
whatever ; when a small quantity of decomposing azotised 
matter is added, then the acetic fermentation com- 
mences, and vinegar is formed (476). 
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376. In the formation of vinegar from spirit, the pre- 
sence of air or oxygen is necessary. One equivalent of 
alcohol consists of 4 equiv. carbon, 2 equiv. oxygen, 0 
cquiv. hydrogen (372) ; in passing into vinegar, it takes 
up 4 equivalents of oxygen, and forms 1 equivalent of 


acetic acid. 

1 equiv. Alcohol, 

containing 

Caibon. 

4 

0\}gcn. 

2 

H}dioGren. 

6 

and 4 equiv. Oxjgen 

it 

0 

4 

0 

foims 


— 

— 



] equiv. Acetic Acid 

ii 

4 

.3 

3 

and 3 equiv. Water 

it 

0 

3 

o 


377. When azotised matters are beginning to decom- 
pose, they are at first not able to^xcite the true alcoholic 
fermentation in solutions of sugar; it is necessary for 
this, that their decomposition should be tolerably active, 
and advanced. But even in this early stage, they are 
able to effect a very important change in the nature of 
sugar, and cause it to undergo a peculiar acid fermenta- 
tion, the result of which is the formation of lactic acid. 
The relation of this substance to sugar may be learnt 
from the fact that it contains 6 equiv. carbon, 5 equiv. 
hydrogen, and 5 equiv. oxygen (445, 570). 

378. It sometimes happens also, that in place of lactic 
acid, another acid substance called the Butyric is pro- 
duced This is especially the case when a solution of 
sugar is left in contact with caseine, iA the first stage of 
decomposition. Butyric acid is a colourless, sour, pun- 
gent smelling liquid, readily soluble in water and alcohol, 
and consisting of 8 equiv. carbon, 7 equiv. hydrogen, 
3 equiv. oxygen. 
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379. There are several other forms of fermentation 
besides these, though the alcoholic, and the acetous, are 
by far the most important. It is evident, however, from 
the great facjdity with which starch, gum, sugar, Ac. are 
converted into each other, that all of these forms of 
organic matter may bo readily made to undergo any of 
these kinds of fermentation ; and likewise that the 
nature of the change thus brought about, will depend 
entirely on circumstances. 

380. Organic matter, placed under proper circum- 
stances, may be made to pass through several successive 
stages'of fermentation ; the last of these is usually the 
putrefactive fermentation, the results of which are chiefly 
carbonic acid, ammonia, and water. When it is desired 
to excite any particular kind of fermentation, care and 
attention is always requisite to prevent it from proceed- 
ing too rapidly, or too far, as when this is the case, it 
very commonly changes into the putrefactive fermenta- 
tion, and when this has once commenced, it is hardly 
possible to stop its progress. 

381. A number of important arts are wholly based 
upon these facts ; and many of the arts of life are more 
or less dependent in principle, upon the cflects just 
described. The manufactures of wine, spirit, beer, 
vinegar, bread, cheese, starch, leather, &c. may be 
mentioned as examples. 

382. Grapes contain sugar, and a small quantity of 
azotised matter, capable of acting on the sugar as a 
ferment ; but no fermentation can take place, so long as 
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air is altogether excluded* The azotised matter present 
will not enter into an aotive state of decomposition, 
unless free oxygen has access to it* Consequently whole 
grapes, or those in which the skin remains perfect and 
entire, may ho dried and converted into raisins ; but if 
the skin is once injured, a little air gets in, and fer- 
mentation soon commences. The fermentation of grape 
juice will not take place if the grapes arc pressed in a 
jar containing carbonic acid gas, or nitrogen. 

383. When grapes are pressed, which is the first 
process of the wine-maker, they are generally bruised, 
and then allowed to remain some little time in the 
pressing vat, before the operation is completed. This 
allows fermentation to commence, for it begins as soon 
as the juice comes in contact with the air ; and this fer- 
mentation, besides softening the skins and cellular tissues 
of the grapes, also dissolves a portion of the colouring 
and astringent matter which the skins, seeds, and stalks 
contain. The pressing is then completed, and the juice 
separated from the residue, which is termed the murk, 
or the mark* 

384. A certain degree of warmth is always necessary 
to fermentation. The fermenting liquid must not be 
lower than 51° or higher than 86°. A temperature of 
70° is that most favourable to rapid fermentation. When 
the liquid is cooled, its fermentation suffers a proportionate 
check, and if cooled too much, it ceases altogether. 
When this is the case, it can only be brought on again 
by the careful application of heat. 
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385. The mnst, as the expressed juice of the grorpe is 
called, being left undisturbed in the fermenting tun, 
soon passes into a state of active fermentation ; the 
azotised matter decomposes, causing at the same time the 
decomposition of the sugar ; the liquid becomes turbid 
and froths up from the escape of carbonic acid. After 
a time these appearances cease, the liquid clears, and 
fermentation becomes very feeble. 

386. The fermentation of the wine, however, is not 
yot completed ; the half-formed wine is racked off into 
casks, and allowed to continue slowly fermenting for 
some time, the casks being kept quite full, so that the 
froth and ferment which rises to the open bung-hole, 
easily escapes as fast as it rises. When it is judged that 
this second fermentation has continued long enough, the 
casks are closed and left for some time. 

387. As the quantity of alcohol which is thus produced 
depends wholly on the proportion of sugar which existed 
in the must, so when the grapes are not sweet, and the 
quantity of sugar is small, the wine formed will be very 
weak. In such cases, therefore, either the must is 
concentrated by evaporation, or a portion of sugar is 
added to augment the proportion of fermentable matter 
in the must. Much better wine is formed by thus 
increasing the sugar in the must previous to its being 
fermented, than by the addition of spirit to the wine, 
when its fermentation is complete. 

388. It is generally better to add sugar, than to 
concentrate the must by boiling, because, in the latter 
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case, a portion of the azotised matter necessary to its 
Subsequent fermentation, is rendered insoluble and use- 
less. Care must however be taken not to add too much 
sugar, as, when this is done, fermentation proceeds very 
slowly; the proportion of sugar should in no case be 
greater than one-eleventh of the weight of the must. 

389. During the two stages of fermentation, through 
which the niusit passes, the greater part of the azotised 
matter undergoes decomposition, becomes insoluble, and 
falls down, constituting together with the* ^her insoluble 
matters, the lees of the wine. The sugar disappears, car- 
bonic acid gas is given off, and alcohol formed. A smallj.^' 
quantity of certain peculiar volatile oils is also formed, 
to the formation of which ijie wine owes its flavour, or 
bouquet. A considerable quantity of tartar or bi tartrate 
of potassa likewise is thrown down during the fermenta- 
tion of the wine. This salt, which is soluble in water, 
but almost insoluble in a mixture of water with spirit of 
wine, exists naturally in the juice of the grape ; as the 
fermentation proceeds, and alcohol is formed, the tartar 
being consequently no longer soluble in the liquid, is 
deposited in the form of ciystals on the side and bottom 
of the cask (498).' 

390. The fermentation and ripening of wine continues 
for a long tinie In the wood, a small quantity of unde- 
composed azotised matter remains in the wine, this acts 
as a very slow ferment, and hence the wine continues to 
improve, more spirit being formed, and consequently 
more tartar thrown down. Wine also becomes stronger 
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when kept in the woo^, because, under these circum- 
stances, a greater proportion of water passes off by 
evaporation, than of alcohol. This is always found to he 
the case when a mixture of spirit and water is kept in a 
slightly porous vessel, the water evaporates faster than 
the spirit. 

391. Finally, the wine is cither racked off into a clean 
cask, the lees being left behind, or it is clarified, or fined, 
with albumen or isinglass, and then bottled. Wines 
which are intended to be sparkling or effervescing are 
bottled before the fermentation is quite finished, so that 
the carbonic acid subsequently evolved, remains stored 
up in the liquid. 

392. In making what are termed home or domestic 
wines, the juice of various fruits, &c., is mixed with 
sugar and fermented. A good deal of skill is required 
in this operation, and care must be taken so to proportion 
the different ingredients, as to ensure a proper fermenta- 
tion. It is a very common error to use too much sugar, 
and not add enough ferment to cause its due fermenta- 
tion ; for this purpose the yeast or ferment of wine is 
best ; that obtained from the fermentation of beer injures 
the flavour of the wine. 

393. When the vinous fermentation of must is quite 
complete, it should not be suffered to remain longer in 
contact with the lees, because when this is the case, 
especially with weak wines, many circumstances may 
tend to commence the acetous fermentation, giving the 
wine an acid fiavour. When this has once commenced, 



uo 


CIDER. — PERRY. 


an^Uie wine is what is technically termed, pricked,* it is 
very difficult to render the wine wholesome again ; wines 
are subject to many diseases, as they are called, and 
some of theni may be prevented or remedied. The chief 
cause of them is, the presence of a minute quantity of 
ferment, of some kind or other. When wine is not per- 
fectly clear, it is evident that it contains ferment,” and 
is, consequently, peculiarly liable to ferment and turn sour. 

394. There are many other fermented .liquids which 
are prepared in the same way as wine, and, like it, con- 
tain alcohol, derived from the fermentation of sugar. 
Thus cider obtained from apples, perry from pears, and 
mead from honey, derive the alcohol which they contain 
from the sugar of fruit or honey, and owe their flavour 
chiefly to the volatile oils formed during its fermentation. 

395. In the preparation of these liquids, especyfip 
cider, it is often necessa^ to put a stop to the fermenta- 
tion when it is arrived at a certain point ; this is usually 
effected by the fumes of burning sulphur, a small quan- 
tity of sulphuric acid gas arrests the fermentation of a 
large quantity of fermenting liquid. ^Plrmentation is 
arrested or altogether prevented in a very remarkable 
manner by the presence of various substances, such as 
some of the strong acids, certain salts, and some of the 
volatile oils, even in very minute quantity. No substance 
possesses this power to a greater degree than sulphuric 
acid gas (173). ^ i 

396. When wine is distilled, the liquid which passes 
over is brandy, and not a pure spirit of wine ; a small 
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portion of tbe volatile flavouring matter of the wine passes 
over with the alcohol auJ water. By repeated rectiflca- 
tions this flavour may be removed^ and a pure spirit of 
wine, or alcohol obtained. 

397. Good wine brandy, such as Cognac, when ob- 
tained by distilling wine, is always colourless like water ; 
but old brandy, or that which is kept some time in the 
wood, acquires more or less of a brownish colour, in 
consequence of its dissolving a portion of the colouring 
matter of the^cask. The manufacturers of brandy, who 
prepare a spirit sold under the name of b/andy, but 
really derived from some other source than the juice of 
the grape, colour their spirit with oak-wood, burnt sugar, 
treacle, or even more objcctiqnable substances. 

398. Spirit is obtained in a great number of ways, 
and varies in flavour according to the mode in which it is 
prepared. Sometimes, as in the ^manufacture of liqueurs,, 
which arc, in fact, flavoured brandies, some substance is 
purposely added to alter the flavour. Maraschino and 
Kirscliwasser are brandies distilled from the fomented 
juice of crushed cherries, and derive their agreeable 
flavour from the volatile oil and prussic acid which exist 
in the kernels of the cherry ; but maraschino is likewise 
frequently flavoured by the addition of cloves, orange, or 
cinnamon. Noyeau is flavoured with the kernels of bitter 
almonds. 

399. The more common kinds of spirit, 'though all, in 
fact^ obtained from the fermentation of sugar, are yet in 
the first instance obtained from starch ; this, substance. 
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however, in all cases, is first converted into grape sugar, 
and^ticn undergoes the vinous fermentation. 

400. Distillers either employ malted grain, or a mix- 
ture of malt with raw grein. In the first case, a very 
large portion of the starc^ which the grain contains is 
already converted into sugar ; and when raw grain is 
used, its starch is gradually changed into sugar in the 
process of mashing (413). 

401. The malt, or mixture of malt and grain, i's 
ground, and then stirred or mashed into warm water, in 
the mash-tub ; in this operation the soluble matter of 
the grain is extracted, and the starch converted into 
sugar. The wort, as this infusion of grain is called, is 
then cooled, drawn off, and. transferred to the fermenting 
tuns ; a quantity of good yeast or ferment, is added, and 
the mixture is left to ferment for several days. 

402. The fermentation of the sweet wort is allowed to 
go on as long as it can be safely loft, without fear of the 
acetous fermentation being brought on ; for it is the 
object of the distiller to convert the whole of the 
saccharine matter which it contains into spirit. When 
this is done, the fermented wort, which is then termed 
wash, is transferred to the still, and heated. The pro- 
duct is a dilute, weak spirit, and requires to be rectified 
or distilled again. 

403. During the fermentation of the wort, as in all 
similar operations, a quantity of a peculiar volatile oil is 
produced, some of which passes over with the spirit 
when it is distilled ; that which is obtained towards the 
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end of tlic distillation is generally most contaminated 
with this oil, and is termed faints. The wash usually 
yields rather more than one-tenth of its volume of pure 
alcohol, or one-fifth of strong spirit, half of which is pure 
alcohol ; — for the strongest spirit which can he thus 
obtained, always contains a considerable quantity of 
water (368). 

404. As there is an excise duty on the manufacture 
of spirit, it is necessary to estimate the strength and 
quantity of spirit which the distiller obtains. In doing 
this the spirit is stated to be over or under proof. Proof 
spirit consists of equal parts of water and alcohol. It 
was formerly the custom to pour a small quantity of the 
spirit to be tested, over gunpowder, and then set fire to 
it ; if the spirit was strong, the gunpowder fired, and 
tlicn the spirit was called proof spirit ; but if it contained 
too much water, the gunpowder was not fired. 

405. This method of testing the strength of spirit is 
higlily inaccurate. As alcohol is much lighter than 
water, the strength of spirit is easily ascertained by 
weighing a portion of it in a bottle, the capacity of which 
is known ; this gives its specific gravity, or weight com- 
pared with an equal bulk of water, and from that it is 
easy to calculate its strength. 

406. The flavour of the grain spirit, or whiskey, thus 
obtained, depends a good deal on the ferment used in its 
manufacture. The whiskey obtained by means of beer 
or porter yeast has always an inferior flavour to that 
prepared in the Highlands and in Ireland, where, no 
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brewer's yeast can be obtained. Whiskey is sometimes 
artificially fiavoured : thus, in the old Usquebaugh, nut- 
megs, cloves, cinnamon, and other similar substances 
were added ; and Geneva, or gin, was originally pre- 
pared by bruising juniper berries in the mash-tun, along 
with the grains and malt. 

407. In the manufacture of common gin, a small 
quantity of oil of turpentine is frequently substituted for 
the juniper berries ; as the flavour thus communicated 
to the spirit greatly resembles that derived from juniper. 
The best Dutch gin, Hollands or Schiedam, is chiefly 
obtained from rye, mixed with about one-third its weight 
of malted barley, and fermented ; the weak spirit first 
obtained by the di8tillation«.of this liquid is then rectified 
once or twice off juniper berries, by which means it 
loses the crude flavour which it originally had, and 
acquires the agreeable one of the junipers. 

408. ^ Other spirits are similarly prepared from various 
substances, — in fact, almost all vegetable substances, 
containim either starch or sugar, may be made to yield 
spirit by lermentation. Very large quantities of spirit 
are manufactured from potatoes, which are grated, and 
the pulp mashed in water with a small quantity of ground 
malt, in an active state of fermentation. Great care is 
required in the management of potato wash, as the wort 
is very liablb to pass into the acetous fermentation. The 
spirit obtained possip^ses a peculiar, and by no means 
pleasant, flavour, which however may be removed by 
rectification. 
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409. Hum is obtaiued, ojiiefij ill the West lilies, 
from the fermentation of molasses, orii- tmorys^Uiaable 
sugar, mixed wi|| a portion of sugar>cOne juice, and a 
few crushed fragments of the cane its^ ; if these are 
not added, the spirit has tety little flavour. The fer- 
mentation of the liq^nor is' assisted hj the additm^ of 
shimmings from - the sugar-boilers, and sqme of the 
refuse from a previous distillation, called dfuncKsr, and 
which is a tolerably active ferment. When first distilled, 
rum has often a harsh and disagreeable flavour ; it loses 
this after being kept some time in casks. 

410. In India, a great rariety of spirits, which are 
described under the general name of arrack, are pre- 
pared. The chief sources ai;6 rice, sugarrcanes, and the 
sweet juice of various palm and other; ^ abounding 
in sugar. This juice, which is called toddy, ferments 
very easily ; and if care be taken that it does not pass 
into the acetous fermentation, yields a pure and well- 
fiavoured spirit. 

411. In the manufacture of beer, the obj^!; pf the 
brewer is, to obtain a solution containing tlm nutritive 
matters of the grain, in a sCluble and partly fermented 
state ; part of the sugar being already vponverted into 
spirit, whilst the fermentation of the rest has been pre- 
vented, and its tendency to ferment aj^togStber des1|^pyed. 

412. The first operation is to ; convert the insoluble 

starch in the grain into soluble gipn Ai^d sugar ; this ia 
effected by malting. The is moisten^^^ 

allowed to germinate, and in so doing it becomes street, 

L;- 
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starch disappears, and sugar is formed ; if germination . 
were allowed io go on, the su^ar thus formed would be 
absorbed by the young embryo plant, and tho labour of 
the maltster consequently lost, as soon therefore as. the 
required chemical change is effected, he dries the malt, 
destroys the vitality of the seed, and prevents further 
loss (690). 

413. Barley generally contains about 8 or 9 per cent, 
of sugar and gum ; after being converted into malt iji 
contains 30 per cent, of those substances, and of this at 
least half is sugar. In the process of malting, of 
the azotised matter originally contained in t^e eecd is 
lost (685). 

414. Although barley is,, generally used in the manu- 
facture of malt, yet most other grains may be rendered 
sweet by a similar process. In various coilntrics rye,- 
wheat, oats, maize, rice, and millet are malted. 

415. In the manufacture of beer, as in the preparation 

of distillers* wash, the malt is first ground, or rather 
crushed, and then mashed or infused in warm water, at 
a temporature of about 160** ; so as i^^^oxtract all tho 
soluble matters which it contains. malt is kept 

constantly stirred in the mash tun about three quar- 
ters of an hour, the tun is then covered, and the whole 
is leftiquiet for about the same time, or rather longer. 

416.. Two objects are attained in the process of 
mashing, the soluble, matters in the malt are extracted, 
and a furtheil^^pp^idtliy^^ the starch is converted into 
sugar and -influence of the diastase which 
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the malt contains (685)» and hence, if a quantity of raw 
grain is mixed with the malt, the starch which it con- 
tains will be found to be converted into sugar and gum, 
in the mash tun. 

417. It is of the first importance to use water of a 
proper temperature in the mash tun ; a good deal of heat 
is given out in the process of m^'shing, and this must be 
allowed for. If the water is too hot it converts the starch 
into a jelly, which interferes with its conversion into 
sugar, this is called setting the mash. If on the other 
hand the mash is too cool, the conversion of the starch 
into sugar will likewise be very slow and imperfect, and 
the wort will have a great tendency to turn sour. 

418. Wlion the mash is complete, and the wort has 
become clear, it is run off from the spent grains ; which 
are tlien mashed a second time with fresh warm water, 
to dissolve the soluble matters still left in the grains 
after the first mashing. The product of the fir^t mash 
alono is used for ale, while that of the subsequent opera- 
tions is employed for common or small beer. Sometimes 
the grains are subjected even to a third mashing. 

419. The sweet wort is then run into the copper, and 
boiled, and the sooner this is done after it has been 
drawn off, the better. Sweet wort contains a much 
larger quantity of vegetable albumen than is necessary 
to ensure the requisite degree of fermentation, and this 
if loft in it would be almost sure to cause it to pass into 
the acetous fermentatioR. By boiling the 'wort, a con- 
siderable quantity of this albumen is rendered insoluble, 

L 2 
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Iii|t precipitates in flakes. The wort must, however, not 
be boiled too long, or the whole of the albumen will be 
thrown down. 

420. When the wort has been boiled a certain time, 
a quantity of hops is added ; the hops are not allowed to 
boil with the wort the whole time, or too much of their 
rank flavour would be thus extracted, and the long 
continued action of heat, would drive off some of the 
fragrant volatile oil which they contain, and the presence 
of which is essential to the flavour and goodness of the 
beer (431). 

421. .This part of the operation, as indeed are all 
which in any way depend on the regulation and manage- 
ment of fermentation, is very delicate, and requires much 
care ; the boiled wort is very prone to pass into the 
acetous fermentation, it must be rapidly cooled, and 
brought down to the temperature best suited for alcoholic 
fermentation. 

422. The wort must be cooled to about 60^ or there- 
abouts, and if this is not quickly done, the wort begins 
to decompose, it acquires a rank and disagreeable flavour, 
and becomes slightly mouldy ; this, which is termed 
foxiness, can never be completely remedied if it has once 
commenced. It is peculiarly common in moist, close, 
warm weather. 

423. The cooled wort is then run into the fermenting 
vat or gyle tun, if left to itself, fermentation would soon 
commence ; but it is far better to add at once some good 
yeast from the last brewing, stir the whole up well 
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together, and then having covered the vat, leave it quiet ; 
in a few hours the whole will be in an active state of 
fermentation. 

424. In three or four hours, bubbles of gas will be 
seen rising from all parts of the liquid, a ring of froth 
forming at first round its edge, and gradually increasing 
and spreading till it meets in the centre, and the whole' 
surface becomes covered with a white creamy foam. The 
bubbles of gas then rise and break in such numbers, that 
they emit a low hissing sound, and the white foam of 
yeast continues to increase in thickness, breaking into 
little pointed heaps, which become brownish on the sur- 
face and edges. 

425. The yeast gradually thickens, and at last forms 
a j;ough viscid crust, which, when the fermentation 
begins to slacken, would break and fall back again into 
the vat, if it was not removed. The brewer skims it off 
and removes it as soon as he judges that the fermentation 
is complete ; but if he thinks that the fermentation has 
ceased too soon, he stirs the whole up again so as to nilx 
the yeast with the wort. This, which is called rousing 
the vat, prolongs the fermentation, or rather causes it to 
recommence. 

426. Whilst the fermentation of the wort is proceeding, 
it gradually becomes clearer ; the ferment added, as well 
as that which is generated^in the wort (for all the azotised 
matter present is soon brought into the same condition of 
active fermentation), is gradually separated ; meanwhile 
the sugar is decomposed, spirit is formed, carbonic acid 
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given off, and a considemble amount of heat is generated* 
Where the quantity of wort is large, this rise in tempera- 
ture amounts to ten or even fifteen degrees. 

427. In making ale and beer, it is the object of the 
bi'ewer to leave a portion of the sugar in the liquid, he 
therefore removes the yeast so as to put a stop to further 
fermentation ; but in brewing porter he does not remove 
the ferment so soon, but allows the fermentation of the 
wort to continue for a longer time. It is’^ttietimes 
found convenient to add a small quantity of stigar to the 
wort. 

428. After the first fermentation is finished and the 
yeast removed, the liquor ia racked or drawn off into 
casks, when it undergoes a4ii^biid fermentation far more 
slow and protracted than fhe first. This is termed 
cleansing, and whilst it goes on, a considerable quantity 
of mucilage, spent ferment, and other impurities subside, 
constituting the lees or dregs, WhCh this second fer- 
mentation is complete, tha liquor is drawn off into casks, 
the bung-holes of which are than well closed. 

429. The proportieh of alcohol in different kinds of 
ale, <kc., varies greatly: — small beer usually contains 
from one to two per cent. ; ale from four to nine ; and 
porter from four to six per cent, of alcohol. It is com- 
monly calculated that a bushel of good malt should make 
about twelve gallons of ale, or twenty-four gallons of 
beer ; but if the ale is intended to be kept, a greater 
proportion of malt nMust be taken. 

430. The quantitf^of hopt taken varies according to 
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the strength of the liquor^ and many other circumstances. 
Strong ale, which is intended for keeping, must have 
more hops than that which is intended to be used at 
once. From three-quarters of a pound to a pound and a 
quarter, is the quantity used to each ' bushel of malt. 
Occasionally other bitters are used together with hops ; 
there are several which may bo veiy well used for this 
purpose, such as the bitter of the chamomile flower ; but 
there are others occasionally employed, which are highly 
objectionable, like quassia. The bitter principle of this 
wood does not answer the same objects as tLat of the 
hopj and is besides very unwholesome. 

431. Hops are used In brewing, for several purposes. 
The aromatic bitter which they contain greatly improves 
the flavour of the di*ink ; their volatile oil prevents 
further fermentation, and renders it less likely to turn 
sour ; and the taimiii and astringent matter of the hops 
helps in precipitating the mucilaginous and albuminous 
substances which the \rort contains, and which, if left in 
the beer, would be very apt to cause its fermentation. 

432. The goodness of ale and porter depends a great 
deal on the water with which it is brewed ; it is some- 
times supposed that the water must he soft,, but this does 
not appear to be really the case, because the water 
employed in many of the largest and best breweries is 
decidedly hard, and contains a very considerable quantity 
of sulphate of lime (239). 

433. Porter is essentially ale brewed with a portion 
of scorched or high-diied malt, and the fermentation of 
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whicii bas been idlowed to proceed eo far, that nearly the 
whple of its sugar haa disappeared. It was formerly 
brewed entirely from high-dried malt, but as in that case 
a large quantity of the sugar was needlessly destroyed, 
it was found better to use common malt, mixed with a 
small proportion of high-diied malt ; this gives the desired 
colour and peculiar flavour of porter or brown stoqb. 
Sometimes other colouring matters are used for same 
purposes ; these for the most part must be regirded as 
adulterations. 

434. The slow, continued, fermentation which malt 
liquors undergo whilst kept ripening in the casks, is 
essential to their preservation ; because the carbonic 
acid thus generated protects them from the influence of 
the air; hence, too, the casks must be ko|ift closely 
bunged up to prevent the escape of this gas. As soon 
as this fermentation ceases, and air gets access to the 
liquor, oxidation commences, and it begins to pass into 
the acetous fermentation (476). 

435. For the same reason, also, when a cask has once 
been tapped, it should be used at onco ; the liquor is 
brisk at first, being charged with carbonic acid, which 
renders it pleasant to the taste, and preserves it from 
further change ; ere long the carbonic acid escapes, the 
liquor becomes flat, then the oxygen of the air begins to 
act upon it, and it soon turns four. 

436. Malt liquor which has onco become clear and 
fit for use, must never be shaken ; as ferment is always 
formed and depositedi even during the very slow fermeu- 
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tation which takes place in the cask ; agitation not only 
renders the liquor thick and turbid by diffusing the spent 
ferment throughout it, but is very I'kely to induce afresh 
fermentation, which would probably pass into the acetous 
one. 

437. In the Bavarian mode of brewing, the fermen- 
tation of the wort is allowed to proceed ver^ slowly, 
exposed to a low temperature in large open vessels. 
Though slow, this fermentation is very complete, the 
whole of the ferment is deposited at the bottom of the 
vat, whilst very little rises to its surface, and there is 
hardly any frothing of the wort. Beer thus made has 
very little tendency to enter into a new state of fermen- 
tation, even by the action of the air. 

438. Bread making depends in great part on fer- 
mentation ; a small quantity of sugar which exists in 
dough is converted into carbonic acid and spirit, by the 
action of the yeast or ferment mixed with it ; the car- 
bonic acid thus evolved by dividing the dough, and 
forming little holes and cavities throughout its mass, 
renders the bread light and porous. 

439. There are two distinct objects to be attained in 
the manufacture of bread, the one is tlie chemical union 
and transformation of the starch and other components 
of the grain, the other the formation of a uniformly light, 
spongy, and er.sily digestible mass ; the latter is merely 
a mechanical effect, but both objects are effected by 
chemical means. 

440. The flour of wheat and other grains used in 
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bread-making, consists chiefly of starch, together with a 
much smaller proportion of sugar, gum, and azotised 
matters. These substances may be made to undergo 
various changes, and these changes may be brought 
about in many different ways ; the most common and 
convenient, is to excite in them a state of vinous or 
alcoholic fermentation. 

441. There are two distinct modes by which this is 
effected, namely, the use of leaven, and of yeast or barm. 
Leaven is dough which has been kept till it has turned 
sour ; when this is mixed with a quantity of fresh dough, 
it has the power of communicating to the whole of the 
latter its own state of fermentation. 

442. A quantity of flour is kneaded up into dough 
with a suitable quantity of water, and then loft iff r warm 
place ; it will soon become sour, and a great#!; or less 
degree of fermentation will be established im«Sl!$ but it 
will be irregular and very unceiAAEi. If, however, a 
small piece of this sour dough is taken and thoroughly 
kneaded up with a large lump of fresh dough, the whole 
of the latter will very s'oon enter into a uniform state of 
feimentation ; and if a small piece of this is set aside 
for the next baking, it will be in a flt state for use by the 
time that it is required. 

443. The leaven may be formed either of the same 
kind of flour as the bread is intended to be made with, 
or any other sort ; it is most comssonly the custom to 
employ bean, pea, or some similar flour, which passes 
very easily into fermentation, or at. least to mix a portion 
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of it with the flour used in forming the leaven. When 
well made, leaven may be kept flt for use for weeks and 
months, and by adding a portion of dough>to the leaven 
as large as that removed for the use of the bread-maker, 
the stock of leaven is always kept up, 

444. In this country^ however, the use of leaven is 
almost wholly superseded in favour of yeast. This sub- 
stance can usually be obtained from a neighbouring 
brewery, and a small quantity of it mixed up with the 
dough, brings it rapidly into the required state of fer- 
mentation, without communicating to it the ::our taste 
which leaven always gives to bread. In many parts of 
Europe, however, and when yeast cannot be had, all the 
bread is made with leaven. 

445. Leaven added to dough excites in it a true 
alcoholic fermentation, but it also produces a portion of 
lactic acid (377), and frequently vinegar likewise ; the 
latter is for the most part driven off in the subsequent 
process of baking, but the former remains in the bread. 

446. The baker usually commences by mixing together 

in a suitable vessel a proper proportion Of yeast, warm 
water, common salt, and flour. The salt is first of all 
dissolved in warm water, which is then allowed to cool 
down to about 80° or 9.0°, after which the yeast and then 
the flour is added. The quantities taken vary slightly. 
The third part of a sack of flour, a pail-full of warm 
water, four or five pounds of salt, and three or four pints 
of yeast, are about the usual proportions. ' 

447. This mixture, which is called the sponge, is 
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wgrked up to the consistence of stiff batter, and then 
left IQ a small trough for an hour or two, covered over 
with a cloth. During this time a tolerably active fer- 
mentation is commenced, and as the mixture is tenacious 
and viscid, the carbonic acid generated does not escape 
in bubbles, but is retained in the dough, causing it to 
swell up to about twice its original size. 

448. If the sponge is made too thin, the gas thus 
generated will escape as fast as it is evolved ; if of the 
right consistence, 'tlie whole of it will be retained. If 
the fermentation is allowed to continue too long, the 
sponge will become sour, and pass into 'the state^ of 
leaven ; the baker, however, does not permft Ws, brtt 
when he judges that the fermentation has proes^ded far 
enough, he adds about twice as much men^liour as be 
originally took. 

449. The sponge and flour is titievr teiy fully and 
carefully kneaded together, so ks ensure the complete 
mixture of the half-fermented spoffg^’ldth the fresh flour ; 
this is a very laborious part of the operation, but it is 
quite essential to the success of the process, for iftit is 
not very thoroughly attended to, the ferment will not be 
equally and uniformly diffused throu^OUt the whole of 
the dough. 

450. The dough is then left for abontUn hour and a 
half; it is then kneaded a second time, divided into 
pieces of proper size and weight, to form loaves, and 
then* set as^de i%a warm ^laee for a short time. Lastly 
the loaves are put into the oved ahd baked, during which 
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operation they are still more expanded and enlarged. In 
baking, the loaves generally rise or swell up to about 
twice the size which they previously had. 

451. The object of all these different processes is to 
decompose the sugar which th 3 •flour contains, for the 
purpose of generating carbonic acid, and thus rendering 
the dough light and porous. The sugar, therefore, 
which the flour contains is essential to bread-making ; 
but though the whole, or the greater part, of this sugar 
is of necessity thus decomposed, by the action of the 
yeast, yet when bread is analysed it is found to contain 
very nearly as much sugar as flour does. 

452. When the yeast is mixed with the flour, it 
immediately begins to acii, on the sugar, causing its 
decomposition into alcohol and carbonic acid ; but at the 
same time it also acts upon the starch, and produces in 
it a change analogous to that which diastase effects in 
the germination of a seed. It consequently happens^ 
that though the sugar which originally existed in the 
flour is almost entirely decomposed, yet a quantity of 
sugar, nearly equal in amount, is produced or generated 
from the starch (360). 

453. In baking the bread a further portion of the 
starch is decomposed ; more gum and sugar are formed, 
the azotised matters uniting with them and the modified 
starch, make a uniform substance, which is far more 
digestible than flour or unbaked bread. At the same 
time that these chemical changes are ^effected, the fer- 
mentation is altogether stopped, a considerable quantity 
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of water and the alcohol formed during the rising of the 
broad are driven off, and the bread is at the same time 
expanded and rendered still lighter, by the action of the 
heat of the oven on the gas contained in its cavities (62). 

454. The necessity«of attending to the proportions in 
which the several ingredients of bread are mixed, as 
well as the need of mixing them very thoroughly, is 
evident. If the dough is badly mixed, the carbonic acid, 
in place of being regularly diffused throughout the sub- 
stance of the dough, will be collected into large iri'egular 
bubbles, and then the bread will be full of large holes 
and cavities, in place of being uniformly light and 
spongy ; and the loaf, though perhaps as large as it 
would have been if well made, will be close and Imavy. 

455. The goodness of bread depends a ;;mhd$deal on 

the proportion of water which it contains. ^ Thp usual 
quantity in well-made bread is about 44:pef i^ent., but 
it varies somewhat according to the amd good- 

ness of the ffour. The per centagd>^ty^ Drator is also 
modified in a remarkable manner/ % the presence of 
various saline substances. The^4se of common salt 
improves bread in several ways ; If not merely improves 
its mechanical texture, and reqifll^ it more wholesCme 
and digestible, but it also increases Us retentive power 
for moisture. 

456. When inferior or damtiged flour is used, it is 
generajily found that the bread, rises plswly and imper- 
fectly, and when baked ip close and has a had colour. 
Saline matters are found to correct* tBis tea considerable 
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extent, and some salts far more powerfully than others ; 
alum is sometimes employed for this purpose. No object 
is gained by adding to it good flour ; but in the case of 
inferior flour, i(s use decidedly improves the bread, and 
though it is unquestionably an injuiious adulteration, 
yet it is harmless compared with some of the other salts 
which have been employed for the same purpose. 

457. A very small quantity of alum greatly improves 
the colour of the bread, and also causes it to rise better, 
thus making inferior bread equal to the best. As far as 
the mere alteration of colour is concerned, its use only 
serves to pleaso the eyes of the customer, or leather to 
deceive him into the belief that he is buying better 
broad 4han is really the case^ The increased lightness 
which it causes is, however, really an improvement. 

458. Some bakers have even added sulphate of qopper 
to the dough. This salt produces, in very minute quan- 
tity, the same eflects on bread as alum does. Being a 
liighly poisonous salt, its use is most objectionable ; for- 
tunately, it is an adulteration very easily detected. 

459. Carbonate of ammonia, which is sometimes 
mixed with slightly damaged flour, is a harmless addi- 
tion. It does not improve the colour of the bread, but 
renders it lighter, and removes any sour flavour which 
the bread might otherwise acquire, either from the 
inferior quality of the flour, or the nature of the ferpent 
employed (462). 

460. When bread is, made with leaven, it always has 
a distinctly sour taste; this is partly caused by the 
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leaY(^|tS6lf, EDd partly caused by an acid fermentation 
it induces in the flour or dough. It sometimes 
happens also that bread which is made with barm or 
yeast has a similar sour taste; this is usually caused by 
want of skill or care in the preparation. It is occasionally 
caused by the use of sour yeast» when the latter has 
been kept too long or is spoilt, and then of course the 
bread will have a sour taste, the same as if it were made 
with leaven. 

461. In places where a fresh supply of new yeast 
cannot always be had, sour yeast must sometimes be 
used, but there is no need for the bread to bo bad in 
consequence; because it is quite possible to remove the 
sour taste of the yeast be^re using it. The addition of 
a small quantity of carbonate of lime, soda, or magnesia 
will e/Fect this ; but of course care must be taken not to 
use. more of either of these salts than is necessary to 
neutralise the acid matter present. 

462. The sour taste which bread acquires when it is 
badly made, or when damaged flour is used, is less 
easily corrected. Nevertheless, it may be greatly 
diminished, if not altogether prevented, by the addition 
of a small quantity of carbonate of soda or ammonia. 
The latter salt may often be employed with great ad- 
vantage, and being a volatile salt, it is raised in vapour 
by the heat of the oven. Any excess of it, therefore, is 
driven off by the heat, and in escaping assists in making 
the bread lighter. 

463. Teast is not miflrequenily bitter, and then com- 
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municates a very unpleasant flayour to the bread made 
with it. This may be derived from hops, especially 
when the yeast is collected from beer which is strongly 
hopped. But yeast sometimes also acquires a bitter 
taste from keeping, which is quite independent of that 
derived from the hops; this also may be remedied to 
some extent in various waydl^ One way, which is said to 
be very effectual, consists in throwing into the yeast a 
few clean cinders freshly taken from the fire, but allowed 
to cool a little on the surface. When cold, the cinders 
fall to the bottom, and the yeast is poured off. This 
operation appears to depend in principle upon the singular 
property which freshly-burnt charcoal has of absorbing 
gases, and removing colouring and odorous matter gene- 
rally from substances to which it is added (162). 

464. When, however, there is any groat difficulty in 
procuring fresh and good yeast, it is generally better to 
use artificial yeast, or to prepare a ferment on purpose ; 
this is by no means difficult, and then the inconveniences 
just mentioned are wholly avoided. There are a great 
number of different ways of making artificial yeast. The 
object usually is to obtain a quantity of paste or dough 
in an active state of fermentation, and then by removing 
the water to check further change, until the ferment is 
wanted. By carefully washing and pressing beer yeast, 
so as to separate the moisture as mueh as possible, it 
becomes far less liable to spoil, than it is in its fresh 
state. 

465. A tolerably good kind of dry yeast may be made 
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. by mudng together a decoction of wheat and bean flour 
with a small quantity of brewer’s yeast ; when the whole 
is in a state of active fermentation, enough wheat or 
barley flour is added to form a thick dough, which is 
then thoroughly kneaded, formed into small cakes, and 
carefully dried. A very good ferment may at any time 
be obtained from one of these cakes, by crumbling it into 
warm water, and leaving the mixture a few hours quiet 
in a warm place. 

466. Yeast may also at any time be prepared direct 
from. malt. When a thick paste or dough of wheat flour 
is left in a warm place, it soon begins to ferment and 
emits a sour smell ; at the end of a week, however, it 
loses this sour smell and acquires a vinous one, and is 
then able to act powerfully on sugar as a ferment 

467. If a small quantity of dough in this state is difr.^ 
fused in some warm water, and added to a strong 
decoction of malt and hops, such as brewers make, or 
even of malt alone, it soon brings the whole into active 
fermentation, and in a few hours a quantity of good 
fresh yeast will be deposited. When the alcoholic fer- 
mentation is complete, the clear liquor may be poured 
off, and the yeast is flt for bread-making. 

468. The object to be attained by the use of ferment 
or leaven in the manufacture of bread being a purely 
mechanical one, and as the process of fermentation is 
always uncertain and troublesome a great number of 
attempts at different times have been made, to make 
bread without its undergoing any fermentation what- 
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ever, though hitherto with but partial succeBS. *1 WlUi 
care and attention, however, excellent unfermeS^d 
bread may bo made. 

469. It is sometimes stated by those who recommend 
the use of unfenrented bread, ihat in the ordinary mode 
of bijsad-making a large portion of the most valuable 
part of the flour is destroyed by fermentation ; this is 
not really the case. Very little indeed of the azotised 
matter of the flour is lost during the fermentation of the 
dough ; the chief eifect produced is the loss of a portion 
of sugar, but as a nearly equal quantity of sugar is at 
the same time formed from the starch (162), the real 
effect of the fermentation may he said to be principally 
the loss of about five per cent* of starch. The weight 
of the baked bread is always much greater than that of 
the flour from which it is made, owing to the large 
quantity of water which is incorporated with it. Two 
parts of flour make about throe parts of bread. 

470. The best of the various chemical modes of 
making bread is that in which dry carbonate of soda 
aiid muriatic acid are employed. A small but definite 
quantity of dry carbonate of soda is thoroughly mixed 
with the flour ; enough pure muriatic acid to neutralise 
it perfectly, is dissolved in the proper quantity of water, 
and the flour then added ; whilst the water and flour are 
being mixed, the acid acts on the carbonate of soda, 
decomposes it, expels its carbonic acid, and forms 
chloride of sodium, or common salt, with its base. 

471. Hence in this process the same effect in the end 
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is produced as in the ordinary mode of bread-making, but 
with this difference, that it has not undergone any sort 
of fermentation, and that nothing has been lost. A light 
and spongy dough is produced containing abundance of 
bubbles of carbonic acid ; and the only residue of the 
process, the common salt formed, so far from being ob- 
jectionable, is, in fact, necessary to the formation of good 
bread. 

472. Another point in favour of this process is, that 
it takes much less time than the old methods do, because 
there is no need to leave the dough to rise by fermenta- 
tion ; in fact, the less time the dough is left to itself, and 
the more rapidly the operation is carried on, provided the 
dough is thoroughly mixed, the better will the bread be. 

473. The most serious objection to this mode of bread- 
making is, that unless great care be taken, there is con- 
siderable risk of introducing poisonous substances into 
the bread if the acid is not perfectly pure, even when all 
reasonable precautions are taken to avoid adulterations. 
It is of course necessary to take care that the carbonate 
of soda is most thoroughly mixed with the flour, and great 
attention must be paid to the proportions of the several 
ingredients. 

474. In toasting bread, tw’o very different effects arc 
produced — the modified starch in combination with 
gluten, which the bread contains, is rendered still more 
soluble, and a fresh portion of gum is formed, whilst at 
the same time a part of tho bread is more or less charred 
or carbonised. 
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475 . In making toast-and- water, it is sonxetimes 
recommended to burn the toast well, so as to make it 
quite black ; this is often very good advice, for the 
porous charcoal thus formed is a powerful purifying 
agent, and when water has a bad flavour, the addition 
of a piece of blackened toast does not merely cover the 
flavour, but removes it, and renders the water more 
wholesome. The soluble matters, and also the finely 
powdered charcoal held in suspension, both contribute to 
render toast a very useful addition to water. 

476. Acetic, acid, or vinegar, is formed when a mix- 
ture of spirit and water, together with some ferment, is 
exposed to the air ; a portion of oxygen is absorbed, and 
acetic acid is formed. This q}iange takes place when any 
liquid containing a portion. of spirit and some organic 
substance, like gluten, is exposed to the air and kept 
moderately warm ; the acetous fermentation, as it is 
called, then commences, and vinegar is formed. 

477. When a liquid containing spirit, water, and some 
decomposable organic matter is exposed to the air, unless 
the temperature is too low, it soon begins to turn sour, and 
forms vinegar. When a solution which has fully under- 
gone the alcoholic fermentation is thus kept at a . tempe- 
rature of 70° to 85°, it slowly and gradually undergoes 
this change ; but unless care is taken it is very apt to 
become mouldy and putrefy (380). 

478. The acetous fermentation is facilitated by the 
addition of a little ferment ; hence in the manufacture .of 
vinegar from wine or beer, yeast or ferment of some sort 
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is usually added. When a small quantity' of wine which 
has turned sour during its fermentation, is added to a 
much larger quantity of properly fermented wine, it 
induces the whole to pass into the acetous fermentation, 
and good vinegar is formed. For this reason also, better 
vinegar can be made in an oldisask or vat which has been 
often used, than in a new one. 

479. Wine-vinegar, however, is commonly made in 
vats provided with false bottoms pierced full of holes, a 
layer of vine stalks and mark is first placed in the vat, 
covering the false bottom, and the vats are then nearly 
filled with wine. The vine-stalks and mark, act as a 
ferment, and soon bring the wine into a state of active 
fermentation, air is absorbq^, heat given out, and vinegar 
is formed (383). 

480. Care is always taken to check the rapidity of 
this fennentation, or to prevent the liquor from becoming 
too warm ; if this were permitted, the spirit of the wine, 
as well as the vinegar formed, being both volatile, would 
be driven off, or at least a considerable portion of them 
would be lost. 

481. Any liquid containing spirit may be fermented 
into vinegar ; and, consequently, as starch and sugar 
may be converted into spirit, so, solutions containing those 
substances may readily be turned into vinegar, by being 
fermented : when this is the case, the process is not 
stopped when the aJcoholto fermentation is complete, but 
is flowed to proceed as long as possible. 

. 482. In countries where wine is made, vinegar is 
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chiefly made from the grape ; in other places malt is 
usually employed. A similar form of vat is used for that 
purpose as in the manufacture of wine-vinegar, the only 
difference being, that a sweet-wort is substituted for the 
wine. Grrape-mark, which is commonly called rape by 
the vinegar-makers, is generally used as a ferment. 

483. As soon as the wort has acquired a certain 
degree of sourness, and, in fact, before the acetous fer- 
mentation is quite complete, it is racked off ; this is 
necessary to prevent it from passing into a state of 
putrefaction, which would be sure to happen if it were 
left too long in contact with the ferment (380). 

484. Vinegar, whether prepared from wine or malt, 
has a great tendency to spoil by keeping, in fact to 
putrefy ; this is merely caused by the impurities which 
it contains. As made from malt, it always contains 
spirit, sugar, gum, and ferment, in greater or less quan- 
tity. It is thick and turbid, and must be clarified before' 
it is flt for use or can be kept ; this is done by the use of 
isinglass or some similar flining. Sometimes also it is 
purified by flltration through powdered charcoal. 

4S5. When vinegar putrefies, the change is not con- 
fined to the impurities alone which it contains, the acetic 
acid also is decomposed, and hence, as soon as the putre- 
factive fermentation commences, the liquid begins to 
lose sourness and becomes flat and insipid. The impu- 
rities of the vinegar may of course be wholly separated 
by distillation. Distilled vinegar has no tendency to 
spoil by keeping ; it is quite as strong and sour, or even 
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stronger than it was before, but its flavour is not quite so 
agreeable. 

486. Vinegar is sometimes conveniently strengthened 
by the addition of sugar. In this case the impurities 
which it contains, carry on the slow fermentation of the 
sugar, and cause its conversion into vinegar. The sugar 
must be added from time to time, and the liquid should 
be kept at a temperature of from 70° to nearly 90°. 

487. Very pure vinegar is sometimes made from a 
mixture of spirit of wine, and water, exposed to the air at 
a proper temperature. A large cask is filled with wood 
shavings which have been steeped in vinegar,* and the 
mixture of alcohol and water is aUowed to trickle through 
it at the same time that a current of air paBsefi through 
the cask. The large surface which is thus e^oced to 
the air, and the influence of the vinegar contained in the 
shavings greatly assist the action ; oxygen is absorbed, 
the mixture becomes warm, and after passing once or 
twice through the cask is wholly converted into vinegar. 

488. Another source of acetic acid is the destructive 
distillation of wood. When wood is burnt, only water 
and carbonic acid are formed ; but when wood is dis- 
tilled or roasted in close vessels out of the contact of air, 
it is decomposed, and several new substances are formed 
by the recombination of its elements ; the most import- 
ant of these substances is vinegar, or, as it is called when 
thus procured, pyroligneous acid (325). 

489. Acetic acid cannot be obtained perfectly dry ; 
The substance obtained by the above-mentioned pro- 
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cesses, is a solution of acetic acid in water ; this may 
be concentrated, but if we attempt to obtain the acid 
free from any water, it is decomposed. Acetic aci& forms 
numerous salts, some of which are important in the arts, 
such as sugar of lead, which is an acetate of lead, and 
pyrolignite of iron, which is an impure acetate of iron ; 
the salts made wnth the crude wood-vinegar, or pyrolig- 
neous acid, are commonly called pyrolignites. 

490. The strongest acetic acid is usually obtained by 
neutralising vinegar with carbonate of soda or lime. By 
evaporating the liquid, a dry acetate of soda or of lime 
is procured, and these salts, when acted on by strong 
sulphuric acid, give off acetic acid in the form of a very 
pungent acid vapour, whick may be easily condensed 
by cold. A small portion of water distils over with the 
acetic acid, and is condensed with it, forming a very 
strong solution. 
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CHAPTER VI. 

VEaBTABLE PBIN0IPLE3. — ^NATURE AND COMPOSITION OF 
ANIMAL SUBSTANCES. 

491. It is well known that plants possess very various 
properties: some are noted for their fragrant 
others for the brilliant colours they produce ; '^Sdiue 
yield oils, others resins, and a great many are volSB^d for 
their peculiar medicinal qualities : all these vai^h^s pro- 
perties are caused by the presence of a certain quantity 
of some organic substance^ some peculUr compound of 
oxygen, hydrogen, carbon, and nitrogen, which is fo:mied 
by the plant. 

492. The number of these organic substances which 
have been discovered in plants is very great ; it is quite 
unnecessary to describe or even enumerate them all ; 
it will be sufficient to mention very briefly the most 
important of them, arranged under three or four heads. 

493. Amongst the substances formed by plants, is a 
numerous series of organic acids : substances composed 
of oxygen, hydrogen, and carbon, which possess acid 
powers, and combine eagerly with bases to form neutral 
salts.: In general they do not exist in plants in the free 
state, but are combined with various bases derived from 
the soil ; sometimes they ore found in the state of per- 
fectly neutral salts, but more frequently they form acid 
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salts (111), that is to say^ there is more acid than the 
base is able to neutralise ; such plants have a sour taste. 

494. When the salts of organic acids are burned or 
strongly heated, the acids are decomposed ; in these cases 
the base, which was previously combined with the organic 
acid, is found after its destruction combined with cafbonic 
acid in the state of a carbonate (646). 

495. The most important of the organic acids are 
the acetic, citric, tartaric, malic, and oxalic. There 
are few plants which do not contain a small portion of 
one or other of these acids, either in the free state, or 
else combined with a base. Unripe fruit contains a 
considerable quantity of malic and tartaric acids ; and 
the leaves and atoms of ma^y plants, such as sorrel and 
rhubarb, have a strong sour taste from the presence of 
oxalic and malic acids. The nature and properties of 
acetic acid have already been described (476). 

496. Citric acid exists in a free state abundantly in 
the juice of limes and lemons, and in unripe gooseberries, 
currants, and other similar fruits ; it is easily procured 
from these sources, in white crystals, having an agreeable 
sour taste, and readily dissolving in water. Citric acid 
is used in considerable quantity by dyers: none of its 
salts are of much importance. 

497. Pure citric acid is obtained from the juice of 
limes or lemons, by a process resembling that used in 
the preparation of pure acetic acid (490). The sour 
juice is saturated with powdered chalk, which forms with 
its acid an insoluble citrate of lime ; this is well washed 
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with pure water, to remove the mucilage and other 
foreign matters present in the juice of the fruit. The 
pure citrate of lime is subsequently decomposed by dilute 
sulphuric acid, sulphate of lime is formed, and as the clear 
solution cools, the citric acid is deposited in crystals. 

498. Tartaric acid is obtained from the juice of 
grapes, pine-apples, and several other fruits ; its principal 
source is wine, from which it is deposited as a super-salt 
of potash. The bi- or super-tartrate of potash is slightly 
soluble in water, but almost insoluble in a mixture of 
spirit and water ; hence, after the fermentation of grape 
juice and consequent formation of spirit, the bitartrate ;cpf 
potash previously dissolved, is thrown down as a crystalline 
precipitate, constituting argol, or cream of tartar (309). 

499. Tartaric acid is inanufactured from tartar by 
the use of lime and sulphuric acid. When tartar is 
boiled with chalk, the excess of wine in the tartar com- 
bines with lime, and forms an insoluble tartrate of lime. 
This salt decomposed by sulphuric acid yields pure 
tartaric acid. 

500. The tartar deposited by red wine has always a 
pink or red colour, and contains some of the colouring 
matter of the grape. By boiling it with a portion of 
powdered animal charcoal, the colour may be removed. 
By merely exposing the crystals of tartar to the sun and 
air, they become bleached to a considerable extent ; for 
this purpose they are spread out upon large sheets of 
canvas, and left some time thus exposed, after which 
they are dissolved and re-crystallised. 
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501. Tartaric acid is a white crystalline solid, like 
citric acid, easily soluble in water, and uniting to bases 
to form salts called tartrates. It is chiefly used in dye- 
ing, and calico printing; it is also used in medicine, and 
in the manufacture of saline and oflervescing drinks. 

502. Malic acid occurs associated with citric acid in 
apples, pears, and in the stems* of common rhubarb. It 
forms salts called malates, but neither the acid nor any 
of its salts are of much importance ; they are not used 
for any practical purpose. 

503. Oxalic acid exists in considerable quantity in 
rhubarb, sorrel, and a great many other plants ; it is, 
however, generally made artiflcially from sugar. When 
sugar, starch, lignin, <&c. asc heated with strong nitric 
acid, violent action takes place, and the organic substances 
are decomposed, the whole of their hydrogen being 
abstracted, and the carbon and oxygen left in those pro- 
portions which form oxalic acid (130). 

504. The commonest salts of oxalic acid in plants are 
oxalate of lime and super-oxalate of potash. The former 
is a white insoluble salt, readily obtained by adding 
oxalic acid to a solution of lime. In consequence of the 
strong affinity which lime has for oxalic acid, and the 
fact that the compound which they form is insoluble in 
water, oxalic acid is h, very valuable test for the presence 
of lime and all its soluble eompqunds. 

505. The super-oxalate of potash is a soluble crystal- 
line salt ; it is found in sorrel, rhubarb, and many similar 
plants, giving them a sour flavour ; it occurs in many 
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fruits associated with malic and tartaric acid. This salt, 
which is termed salts of sorrel, and sometimes also 
(though most improperly) salt of lemons, is used in taking 
out iron-moulds, or stains in linen caused by oxide of 
iron. This use depends upon the fact, that the oxalic 
acid has a strong affinity for oxide of iron, and forms 
with it a readily-soluble salt, whilst the acid used has 
not corrosive powers, and therefore does not in any way 
injure the texture of the linen. 

506. The oily substances formed by plants are like- 
wise very numerous ; they are of two kinds, fixed and 
volatile ; those which when exposed to the air remain 
without diminishing their bulk, and those which when so 
exposed evaporate. Olive oil, castor oil, and cocoa-nut 
oil, belong to the former class, whilst oil of tm^ender, oil 
of cloves, and oil of lemons, are volatile oils. 

507. All vegetable oils, whether fixed or volatile, 
contai# carbon and hydrogen ; in addition to which the 
greater number contain a portion of oxygen. They are 
all combustible, and when burning form water^and car- 
bonic acid gas. Oils are found in all parts ^ plants, 
but rather more abundantly in the seeds and fruits than 
in other parts. The seeds of some plants, such as the 
poppy, linseed, rape, and mustard, contain frequently 
nearly half their weight of oil. • 

508. Fixed oils are divided into fat oils, and drying 
oils : the former remain fluid when exposed to the air, 
like olive oil ; the latter gradually harden, and dry up 
into a kind of varnish, like linseed oiP. Fat oils are 
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used for soap-making, in wool-spinning, to bum in 
lamps, and in diminishing friction ; those like cocoa-nut 
and palm oil, which remain solid at common temperature, 
are used for the manufacture of candles. Drying oils 
are employed in preparing painta and varnishes ; for this 
purpose they are usually bmled, which causes them to dry 
and harden even more rapidly, vhan in the fresh state. 

509. The odours of plants are for the most part occa- 
sioned by the presence of volatile oil, in greater or less 
quantity. The volatile oils are obtained by distilling the 
plants which contain them, with water ; fixed oils are 
procured by pressing the seeds in which they are found, 
cither cold or after a slight roasting; the former process 
gives the purest oiL 

510. The most important of the non-drying fat oils 
arc those of the olive, cole-seed, rape, poppy, almond, 
mustard, and till or sesamum. The chief drying oils 
are linseed, hemp, nut, and castor. These oils are all 
lighter than water, fluid at common temperature, and 
very combustible. • 

511. Amongst the solid oils may be mentioned the 
oils of palms and cocoa-nuts, and the various vegetable 
butters. The different waxes, too, of which there ore a 
great number, are closely connected in nal^ure with these 
sdlii^ vegetable oils. These substances all consist of 
carbon, oxygen, and hydrogen. 

512. The volatile oils, such as those of turpentine, 
lemons, orange-peel, bergamot, sabine, and pepper, 

are pure hydro-carbons. They contain no oxygen ; while 
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^ose of cloyesi peppermint, caraway, and lavender, 
contain oxygen. Camphor may be said to be an oxidised 
volatile oil $ its composition is the same as oil of 
turpentine, with the addition of one equivalent of 
oxygen. 

513. When the fixed oils are acted on by bases, they 
are decomposed, and resolved into certain fatty acids, 
and a peculiar sweet uncrystalUsabl§^eubstance called 
glycerine. Moat of these oils are mixtures of three 
distinct fatty substances, distinguished by different pro- 
perties; these are termed stearine, margarine, and 
elaine or oleine, and when %cted on by a base, they are 
respectively decomposed into glycerine, and stearic, mar- 
gario, or oleic acid. 

514. Stearine is a white, friable, crystalline solid, 
which exists in many of the solid oils ; it melts at a 
temperature of 130°; when saponified or heated with a 
base, such as potash, it is decomposed, and yields a 
soap, or salt of stearic acid and potash. This soap is 
readily decomposed by a stronger acid, and then yields 
pure stearic acid, which resembles stearine in appearance 
and properties. It is, however, a distinct acid, and melts 
at 168°. 

515. Margarine closely resembles stearine, but it is 
more fusible, melting at 116°. When saponified it yields 
margaric add, a substance very similar to stearic acid, 
but more fusible, mdting at a temperature of about 140°. 

516^ pidn^ qr deine, jccmatitutes the fluid part of 
oils ; it remams liquid at all common temperatures, and 
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treated with alkalies yields a ’fatty sabstance, oleie acid, 
which greatly resembles oleine in properties. 

517. These substances may to some extent be sepa* 
rated by mechanical moans alone. When semifluid oils, 
those which consist of stearl ie and oleine, arc cpoled, 
and then strongly pressed, the whole of the fluid oil or 
elaine may be squeezed out, and nearly pure stearine is 
obtained. The stearine, or mixture of stearine and mar- 
garine thus procured, is an excellent materiaf for candles, 
whilst the fluid oil which is pressed out, may be used for 
various other purposes not requiring solidity. 

.518. Stearic acid, however, being harder and still leas 
fusible, makes even better candles than stoa'rine ; henco 
it has become a considorabia»manufacturo. The stearine 
is boiled with alkali or lime, and the salt formed, then 
decomposed by a stronger acid. 

519. Candles made of stearic acid are hard, brilliant, 
and nearly equal to wax : the acid, however, has a griat 
tendency to crystallise, which interferes with its use for 
the manufacture of candles. At one time a small quan- 
tity of arsenic was added to the stearic acid, as it was 
found to counteract this tendency. It has since then 
been found that other substances will produce the same 
effect, and thus the addition of this very objectionable 
substance is obviated. A . great number of diflerent 
n)ixtures of stearine, stearic acid, wax, spermaceti, and 

. other solid fatty substances in various proportiopSi are 
used in the manufacture of candles. * ^ * 

520. Soap may be stated ta be a salt, or rather a 

■ N 
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mixture of several different salts f namely, the mar- 
garate, stearate, and oleate of potash and soda. Soap is 
either hard or soft ; the former is made with soda alone, 
or a mixture of soda and potash, whilst the latter is made 
exclusively with potash. 

521. In making soap, all that id necessary is to boil 
together caustic alkali with the oil or fat to be saponi- 
fied ; carbonated alkali will not combine with the fat 
acids. The first thing, therefore, is to prepare a strqi^g^ 
caustic alkaline ley ; for this purpose.ihe kelp, ba^UnL^ 
or other crude alkali, is mixed with which d«ltn- 
poses the alkaline carbonates, and set# free the %lMi^ic 
alkali ; the mixture is then lixiviate^ with water, and a 

. strong alkaline ley is obtained^ 

522. The oil, fat, or tallow, is next heated ;\i a suit- 
able boiler, and the alkaline ley is then gradually added, 
the mixture being kept constantly heated and well stirred. 
A cream-like liquid is thus formed, and when the proper 
quantity of alkali has been adddd, and the mixture has 
been boiled long enough, a quantity of common salt is 
stirred in, and the whole is allowed to cool, the fire being 
Withdrawn, 

523. Soap is easily soluble in pure soft water, but it 
is insoluble, or nearly so, in a strong solution of common 
salt ; consequently, when salt is added to the newly- 
formed soap in the boiler, it causes the separation of the 
soap from the ley. The cream-like liquid quickly sepa- 
rates into two parts, the lower one being clear and trans- 
parent, and containing common salt, glycerine, and the 
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impurities of the ley (513), whilst the upper part is thick 
and opaque. As it cools it solidifies, and forms hard 
soap. 

524. The addition of common salt to a thick hot 
solution of sodri soap has nu other effect than that just 
described ; but when it is added to a potash soap, there 
is produced in addition another effect which is purely 
chemical. The salts which the fatty acids form with 
potash, are decomposed by the chloride of sodium ; a 
mutual exchange of acids takes place ; and hence, when 
a potash soap is mixed with a solution of common salt, 
both the soap and the chloride of sodium are decomposed, 
and soda soap, and chloride of potassium are the results. 

525. When the spent lye^has been separated from the 
soap, the latter is heated a second time so as to melt it, 
well' stirred up, and then poured into wooden frames or 
moulds, to cool and harden. Good soap contains generally 
about one- tliird of its weight of water; the exact pro- 
portion depends upon the mode in which it is made. It 
is possible to prepare a solid soap containing as much as 
two-thirds of its weight of water. 

526. Such soap looks very well whilst fresh, but it 
soon begins to shrink and shrivel up when kept. The 
retailers of soap generally store up their soap in a damp 
place, where it shall lose as little weight as possible by 
evaporation ; sometimes they keep it in strong brine, 
and many devices are adopted to increase the weight of 
soap, by causing it to take up a larger proportien of 
water. 

N 2 



180 usjI. of soap. 

527. Common yellow soap is made in the same way 
as white or curd soap ; but it contains, in addition, a 
quantity of resin. This is a useful addition ; and such 
soap is both good and cheap. The yellow soap is softer 
and more soluble than hard white soap ; there is conse- 
quently more of it wasted in washing. 

528. Black, or soft soap, is made entirely with 
potash, and is generally manufactured from the' com- 
monest and cheapest oils ; it is semi-transparent, ^ll 
has usually a dark greenish eolour, speckled throughout 
with little white spots. These apcj |i-a r6 caused by the 
addition of tallow, which, though itllpls not really in any 
way add to the goodness of the soap,' is generally mixed 
up with it, because many persons imagine that the soap 
is not good, unless it exhibits this peculiar appoarp^nce. 

529. ‘ Soap forms a clear solution in pure water; it 
will not dissolve in saline solutions, and is decomposed by 
a great many salts. The salts of lime, and, indeed, nearly 
all earthy and metallic salts, decompose soap, and throw 
down insoluble compounds of the fatty acids with the 
bases of these salts. It is for this reason that hard 
water is not fit for washing ; the soap is decomposed by 
it, and rendered insoluble. The slimy scum which is 
formed by soap in such water, is a compound of the fatty 
acids of the soap, with lime. 

530. Water lyhich is hard in consequence of its con- 
taining carbonate of lime (230), deposits earthy matter, 
and becomes softer by mere exposure to the air; the 
same effect is at once produced by boiling the water for 
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a few minutes, so as to drive off the carbonic acid. 
Water which is hard from the presence of other salts of 
lime, may be improved by the addition of a little car- 
bonate of soda ; this will throw down some of the lime ; 
and rendering the water softer* will make it much fitter 
for washing, and prevent a great waste of soap. 

531. Soap is easily soluble in spirit of wine ; such a 
solution affords a very good test of the relative hardness 
of waters ; the white precipitate it forms, is a measure 
of the quantity of earthy matter present in the water. 
When such a solution of soap is evaporateu, the spirit 
is driven off, and the soap is obtained in a transparent 
state ; various perfumed soaps are thus made. A solu- 
tion of soap in spirit, to which a portion of camphor has 
been added, constitutes opodeldoc. 

532. The resins, which are not less numerous than 
the oils, resemble them in chemical composition and 
combustibility ; they are formed in large quantity by 
many plants, and are very frequently seen adhering in 
large transparent drops to the bark of trees which pro- 
duce them. Resina frequently look very much like gum, 
but they may readily be distinguished from gum by the 
fact that they are quite insoluble in water, whilst gum 
easily dissolves or softens in that fluid (335)* 

533. Most of the resins as they are obtained from the 
trees which yield them, are fluid, or least soft, and 
contain a portion of volatile oil ; this is separated by 
heat, and then the pure resin is left;^ Common turpen- 
tine, which is a natural ' exudation, consists of resin and 
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oil of turpentine ; it is distilled, and the oil of turpentine 
is thus procured, whilst the resin called colophony is left. 
A heajthy pine-tree yields from six to twelve pounds 
of turpentine annua 1 l 3 ^ 

534. Whep resinous woods are distilled or burnt, they 
yield The trees are commonly cut down and burnt, 
so tha. .^e heat given out melts the resin in the wood ; 
and that which escapes burning, runs down and is col- 
lected below. 

635. In the manufacture of tar, the billets to bo burnt 
are piled into a stack, and then covered over with turf ; 
the combustion of the wood is thus smothered and kept 
down, and the loss of tar is prevented. In France the 
wood is generally distilled in largo brick ovens. Tar 
differs from common turpentine in consequenq^, of the 
mode in which it is obtained ; it is darker coloured, and 
contains less volatile oil, as a good deal of tbe* volatile 
oil is injured and decomposed, during the extraction of 
the tar, by the heat of the fire. 

536. When tar is heated strongly and boiled, the 
volatile oil which it contains is gradually driven off ; 
there then remains a brittle, black, shining, fusible 
solid, called pitch. 

537. There is another variety of tar, which is obtained 
during the manufacture of coal gas, and formed by the 
destructive disti]J|ation of bituminous coal. This substance 
resembles vegetable tar in nature and properties. It 
contains a volatile oil called naphtha, or coal-tar oil; and 
when this substance is driven by distillation, there 
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remains a kind of pitch. Coal naphtha resembles the 
native rock oil, or mineral naphtha ; it is very combus> 
tiblc, and forms a valuable solvent for caoutchouc and 
some of the resins. It consists of hydrogen and carbon, 
— the same elements, therefo. j, as oil of turpentine. 

538. Most of the simple rosins, like common rosin or 
colophony, the residue of the distillation of turpentine, 
are brittle, fusible, and very combustible solids, which 
easily dissolve in alcohol, or pyroxylic spirit ; but are quite 
insoluble in Water. They are found to consist of mix- 
tures of several distinct acid substances. When resin is 
boiled in an alkaline solution, it readily combines with 
the base, and forms a soluble salt, — a compound of the 
acids of the resin with the alkali. 

539. This property of resins of dissolving in alkalies is 
practically employed by the paper-makers, who prepare 
a size for the commoner sorts of paper by dissolving 
resin in a solution of carbonate of soda. Such a solution 
is immediately decomposed by any of the strong acids, 
which combine with the soda, and separate the resinous 
acid in an insoluble state. For the same reason, too, 
resin is used as a constituent of common yellow soap. 

540. There are likewise found a number of gum- 
resins, as they are called, which have some of the pro- 
perties of gum, and yet resemble resins ; these are 
mixtures of gum and resin. They dissolve, though but 
imperfectly, in both water and spirit of wine. 

541. Plants contain an immense variety of different 
colouring matters, all of which, however, when analysed. 
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are found to consist of nothing but oxygen, hydrogen, 
and carbon, or these three with the addition of nitrogen. 
The nature and properties of these substances are as 
various as their colours. They are all destroyed by heat, 
which burns them, like all the other varieties of organic 
matter. When burnt, the results are water, carbonic 
acid, and frequently ammonia. 

542 i Some vegetable colours are tolerably permanent, 
whilst others are very fugitive, fading in a sliort time 
when exposed to air and light, &o. Most vegetable 
colours are soon bleached by sulphurous acid, and rapidly 
destroyed by chlorine. The art of the dyer consists in 
staining wool, linen, and cotton of various colours ; some 
of the colours he employs are metallic, but the greater 
number are of vegetable or animal origin. Pyes are 
divided into those which at once permanently stain the 
fabric to be dyed, such as indigor; and thol^^rhich require 
the use of some mordant, or substance to W them. The 
most important mordants are alumina, oxide of iron, 
and oxide of tin. These substances have a remarkable 
attraction for colouring matters, and also for the fibres 
of cotton, wool, and silk ; they consequently assist in 
dyeing those materials of various colours. 

S43. Lastly, there are a number' of peculiar vegetable 
substances, to the presence of which in plants their 
medicinal properties are in many cases due. Chemists 
have obtained from various plants a great number of 
substances called J^'active principles,’^ some of which are 
highly poisonous^ whilst others in small quantities are 
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valuable medicines. Amongst this class of substances 
are the vegetable alkalies, as they are called ; these are 
compounds of oxygen, hydrogen, carbon, and nitrogen, 
which possess the power of combining with acids and 
forming neutral salts. They are of course destroyed by 
heat, and whilst burning give off the usual results of the 
combustion of .organic matter — water, carbonic acid, and 
ammonia. 

544. All plants contain a small quantity of inorganic 
matter. Besides the lignin, gum, sugar, starch, gluten, 
and other similar substances which consist of carbon, 
hydrogen, oxygen, and nitrogen^ and which burn in the 
air when heated, there are always found substances 
which cannot burn, but which are of an earthy nature ; 
these substances remain as ashes, when plants are 
burnt. 

545. The inorganic substances found in plants are by 
no means numerous ; the most common are salts of lime, 
potash, soda, magnesia, oxide of iron, and silica. These 
substances are found in the ashes of plants, combined 
with carbonic, sulphuric, phosphoric, and some other 
acids. 

546. The ashes of plants very frequently contain a 
considerable quantity of carbonate of potash (494) ; 
this salt does not exist in the growing plants, but is 
formed during their combustion. Potash is found in a 
very great number of plants, sometimes in combination 
with sulphuric acid, or silipa, but more commonly united 
to tartaric, oxalic, or some other organic acid, constituting 
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a tartrate, oxalate, or other salt of potash. When plants 
are buirned, all the organic acids are burned, as well as 
the lignin and similar substances which they contain ; 
consequently, although in living plants the potash is 
combined with organic acids to form neutral or even 
acid salts, yet, as these acids are destroyed when plants 
are burned, caustic potash is left (199), which, of course, 
combines with carbonic acid to form carbonate of 
potash. 

54:7. In the same way, carbonate of soda is frequently 
formed by burning plants which contain salts of soda 
united to various organic acids. Before the mode of^ 
obtaining carbonate of soda from common salt (220) was 
discovered, the chief source*of that salt was the ashes of 
sea-weed, and other marine plants. 

548. The ashes of many plants contain silica (266), 
generally in combination with either potash or soda. 
Canes, and almost all plants allied to the grasses, are 
completely coated over with a thin film, or varnish of 
silica. Sometimes even, as in the casa^of the bamboo, 
solid lumps or concretions of silica, called tab^eer, are 
found in the joints of the plant. 

549. When a stack of hay or straw has been burnt, so 
that all the volatile or combustible matters have been dis- 
sipated, there is found a largo quantity of a 4ark coloured 
glassy-looking substance, which consists principally of 
silicate of potash previously existing inUhe plants, and 
which being unaltered by the heat given out during their- 
burning, is merely melted, together with other substances 
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contained in the plants, Into a glass. This may also very 
easily be observed by burning a piece* of straw in the 
flame of a candle : abundant white ashes will be left, 
which continue to retain nearly the form of the straw, 
and which, if kept in the flanic of a candle, melt into an 
imperfect sort of glass ; this is principally silicate of 
potash. 

550. The quantity of this substance which cxi‘»ts in 
the stems of different plants, varies much ; some, such 
as the plants used for polishing, commonly cfalled Dutch 
rushes, contain even more than hay or straw ; and cane 
contains so much silica, that it appears completely coated 
with flint. 

551. Lime is almost invanably found in the ashes of 
all plants, and frequently constitutes a large proportion 
of the earthy substances present in them. It sometimes 
exists in combination with sulphuric acid as sulphate 
of lime (237), but far more commonly united to phos- 
phoric acid, or in the state of phosphate of lime (242). 
It is likewise very frequently found in considerable 
quantity in plants, combined with organic acids, particu- 
larly as oxalate of lime ; hence the ashes of plants com- 
monly . contain a portion of carbonate of lime, which is 
formed in a similar manner to the carbonate of potash 
already described (494). The quantity of oxalate of 
lime in some plants is so large, that upon cutting them 
through with a knife, multitudes of little crystals of 
this salt may be seen by moans of a common pocket 
lens. 
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552. Magnesia is very often found associated with 
lime, more especially in the state of phosphate of mag- 
nesia (253), and as ii double phosphate of magnesia and 
ammonia ; hut as this salt is decomposed hy heat, the 
ammonia being volatile, only phosphate of magnesia is 
found in the ashes. 

553. The ashes of almost all plants contain a trace of 
oxide of iron ; and occasionally of the oxide of man- 
ganese also ; and in one or two rare instances a minute 
quantity of copper has been found, especially in certain 
fungi. 

554. Animals, like plants, consist almost entirely of 
four elements, hut these are grouped or combined together 
to form various different compounds. The bodies of all 
living animals contain a considerable quantity of water ; 
when this is evaporated by heat, theie remain certain 
substances, which may be readily separated from each 
other in consequence of the different properties which 
they possess, just in the same way that we caq^eparate 
the various substances which compose plants (318). 

555. The constituents of the bodies of animals may 
be naturally divided into the organic substances of which 
the softer parts of animals are composed, and the earthy 
or inorganic matters, such as the bones. 

556. Animal substances, for the most part, are rather 
more complicated in their nature than vegetable sub- 
stances ; they almost all consist of oxygen, hydrogen, 
carbon, and nitrogen ; in consequence of the presence of 
this latter element, they are more liable to decompose 
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than those vegetable srbstances vrhioh do not con- 
tain it. 

557 , The principal substances which compose the 
bodies of animals, and which are therefore called proxi- 
mate animal principles, are, albumen, fibrin, caseine, 
gelatine, and fat or oil ; besides these, chemists have 
detected a multitude of other substances ; but these five 
arc the most important, or those which constitute the 
greater bulk of animal matter. 

558. There are many varieties of albumen and fibrin, 
which, in consequence of peculiar properties, or slight 
differences in composition, have received different names ; 
it is unnecessary to study the nature of all those sub- 
stances ; we may include them under the general terms 


albumen and fibrin. 

Albiunon consists of — 
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559. Albumen is a white solid substance, which 
swells up and slowly dissolves in water, forming a clear 
transparent solution. Albumen is separated from its 
solution in water by the addition of certain acids, and 
also by the action of heat ; when a clear solution of 
albumen is boiled, the albumen separates in tlie form of 
a white curd or scum ; if the solution contain much 
albumen, the whole becomes solid. 
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560. This substance exists in many parts of the 
animal system. The white of egg consists of hardly 
anything else ; when a fresh egg is boiled, the albumen 
separates as a white curd ; it coagulates, or becomes 
insoluble in water. Albumen occurs, in a state of solu- 
tion, in blood and many of the liquids and softer parts of 
animal bodies. It is also found in a dry or solid form. 
Hair consists of albumen, together with a small portion 
of gelatine. 

561. Dry albumen may be kept for a long time with- 
out undergoing decomposition ; but in solution, or when 
moist, it is very liable to change. When heated, it 
burns ; and the results of its decay, as well as of its 
combustion, are water, carbonic acid, and ammonia ; it 
leaves a small quantity of white ash, which consists 
principally of phosphate of lime. 

562. When perfectly pure, albumen appears to be 
nearly insoluble in pure water ; but it readily dissolves in 
a weak alkaline solution, a very small quantity of which 
gives water the power of dissolving albumen. Albumen 
is also soluble in acetic and phosphoric acid ; these sub- 
, stances, therefore, do not throw it down from its alkaline 

solutions, but it is precipitated by sulphuric, muriatic, 
and most other acids, and the albumen thus thrown 
down is found to have combined with a portion of the 
acid used to precipitate it. 

563. Most metallic salts also precipitate solutions 
of albumen, forming with it insoluble compounds ; it is 
for this reason that white of egg is recommended in 
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certain cases of poisoning, as, for example, with corrosive 
sublimate. Albumen is used in many cases as a fining 
material; when mixed with any solution which it is desired 
to purify, and then precipitated, it separates in a curdy 
form, and in so doing entangles and separates the solid 
impurities previously suspended in the solution. When 
tiiere is a large quantity of free alkali, or of acetic acid 
present, a solution of albumen cannot be coagulated by 
heat alone. 

564. Fibrin, when pure, is a white elastic substance, 
insoluble in water, whether hdt or cold but soluble in 
acid and alkaline solutions. The muscle or flesh of 
animals consists principally of fibrin, associated with 
albumen and gelatine ; when dry, fibrin may be easily 
preserved ; but when moist, like albumen and gelatine, 
it soon begins to decompose. The composition of fibrin 
is almost identical with that of albumen ; they consist of 
the same elements, united together in nearly the same 
proportions. Fibrin contains — 
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565. Fibrin exists in the bodies of animals in two 
states; solid, and in solution: in the former state it 
occurs in miiscle or flesh ; in the latter state, in* the blood; 
the soluble fibrin of the blood, howevei:, soon becomes 
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insoluble after it has been taken from the body, and 
separates as a clot or coagulum. Blood consists of water 
holding in solution albumen, fibrin, a peculiar red colour- 
ing matter, fat, and various inorganic substances, including 
chlorides of sodium and potassium, carbonates, Sulphates, 
and phosphates of potash, soda, lime, and magnesia, and 
also a portion of oxide of iron. 

566. The blood which is sent out «from the heart 
through the arteries all over the body, differs slightly in 
chemical nature, from the blood which returns through 
the veins to the heart, undergoing an impoitant c]|^apgo 
in the course of its circulation i when blood ].oaves the 
heart, it is of a bright red colour, and contai4||p^ygen, 
which has been absorbed in the lungs ; when M|feurn& , 
to the heart, it is black, and contains carbOkVcl^d in 
place of oxygen (606). A pound^f blood contains nearer 
two ounces of solid matter ; of tya about ninety grtiStiw[ 
is inorganic, the rest organic.* 

567. The fibiin, which the arteries, is 

slightly different in chemical^ |m|mies from that which 
is obtained from the veins. TOf^tter approaches very 
nearly in charact|p^^t(> albumen,, it liquifies under the 

.^solution of nitrate of potash, and 
i h coagulated by heat and metallic 
nd of fibrin is almost identical with 
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568. Caseine is a substance which very closely re- 
sembles albumen, in its properties and composition ; it 
is insoluble in pure water, but dissolves in dilate acid or 
alkaline liqmds, in the latter far more perfectly than in 
the former : it exists in milk, in which it is dissolved by 
a small quantity oPialkali ; the addition of acid to milk, 
by neutralising the alkali, causes the separation of the 
caseine as a Curd. 

569. Caseine differs from albumen in not being 
separated from its solutions by boiling ; in chemical 
composition they are almost identical, the only difference 
being that caseine contains no phosphorus. Caseine 
consists of 
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Caseine contains about one quarter per cent, of inorganic 
matter. 

570. Milk, like blood, consists principally of water 
holding organic matter in solution or suspension ; milk 
contains caseine,' fatty matter, a peculiar kind of sugar, 
and small quantities of saline substances, particularly 
phosphate of lime and Various alkaline salts. When 
milk is kept at a certain temperature, it soon be^ns to 
change, a portion of the caseine turning into a kind of 
ferment, commences putrefadtion ; this induces an im- 
perfect fermentation of the sugar, and converts it into 

0 
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lactic aeid» and this acid, by combining with the alkali 
present in the milki causes ihe coagulation or separation 
of the rest of the caseine. Perfectly fresh milk is always 
feebly alkaline ; but it frequently happens that a small 
quantity of lactic acid is formed almost as soon •as it is 
exposed to the air, which combines ^th and neutralises 
the alkali originally present in the milk. 

571. The sugar of milk, when pure, cannot undergo 
the alcoholic fermentation ; but by certain means it may 
be modified and converted into grape sugar, which can 
ferment. The Tartars, by causing milk to undergo the 
alcoholic fermentation, prepare an intoxicating drink 
which contains alcohol. 


572. An imperial gallon of fresh cow’s milk, contains 
about one pound seven ounces of solid mattetv *\)f this 
five ohnees are fat, nearly eight ounces caseifi^, and about 
seven ounces sugar. The saline matters* ||iosent in the 
milk include about eighteen graiA^of ccpMbn salt, and 
one hundred and sixty grains of phtgphllp of lime. 

573. Milk derives its opaque ^tl^Stppearance from 
the presence of innumerable m'^KtO/ globules of fatty 
matter, which arc suspended thrAgl^ut it ; it is, ih^fact, 
a natural emulsion, or a solutipfi holding particles (A oil 
in suspension. 

574. Cream, or the lighter part milk, consists 
principally of these minute globules, or drops of oil, 
separated from each other by the ^wlution of oaseine, <Sz;c , 
in which they float r being lighpr*than Mtor, they rise 
to the surface, when i^fesb mil^is allowed tS stand. The 
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operation of churning consists merely in agitating the 
cream, under the influence of a moderate degree of 
warmth ; the particles of oil then unite and collect to- 
gether in masses, ff rming butter. 

575. It is difficult to remove the whole of the caseine 
from butter, and its presence is hi^^hly objectionable, from 
its great proneness to putrefy ; by careful and complete 
washing the greater part may be removed. Salt ’Ife 
generally added, as its presence greatly checks the ten- 
dency of the caseine to change, and consequently helps 
to keep tho butter sweet. 

576. In making butter there arc two distinct methods 
employed. The one consists in churning the entire 
milk, the other in churning the cream alone ; the latter 
is said to give the riciiost and finest butter, though tlie 
former is considered to give a larger yield. In either 
case a certain amount of incipient fermentation appears 
to be essential to the process of churning, and a 
moderate degree of warmth, as well as tho contact of 
atmosplieiic oir, are necessary. 

577. The milk or cream intended to make into butter, 
is not used perfectly fresh, but is always allowed to stand 
some little time, in order that it may pass into this state 
of incipient fermentation, and a small quantity of lactic 
acid may be formed. The same state may be immediately 
brought on by the addition of a little sour cream, which 
acts on the rest as a ferment. There is some danger in 
doing this, however, that the whole may pass into the 
putrid fermentation (380). 
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578. In consequence of the extreme facility with which 
caseiiie undergoes decomposition^ and the rapidity with 
which it passes into the state of putrid fermentation, the 
utmost care and attention must always be paid to insure 
complete cleanliness in the dairy. The least taint of 
impurity in the vessels employed, ‘is sufficient to bring 
on this sort of fermentation, and of course render the 
deducts useless. 

579. However well butter is made, and however 
thoroughly it has been washed, it always retains a small 
portion of water and caseme ; and in consequence of this 
it is apt to turn rancid and acquire a bad flavour. If 
butter be carefully melted, these impunities will fall to 
the bottom, and may be separated ; btit though butter 
so treated keeps better, yet it is alwitys found that its 
flavour is slightly injured. Clarified Gutter may be kept 
sweet for weeks, and even mbuihs, without the uddition 
of salt. 

580. The yellow colour of butter made in summer, is 
derived from the grass and plants on whr6li cows feed. 
Winter butter is pale, or nearly colourless, and often 
has a tallowy appearance. Such butter is very fre- 
quently coloured yellow by the addition of imnottn, 
carrot juice, or some other yellow colouring matter. 
These substances, though not unwholesome^, can only 
be regarded as aduH^ations, and are .decidedly 
objectionable, 

581. The tendenxfy of butter to turn, rancid is much 
diminished by the use of a small quantity of common salt. 
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Tt miist» however^ bo remembered that, though the bad 
flavour of butter which is very slightly turned, may to 
some extent be covered or concealed by the addition of 
salt, yet that its rancidity is not thereby at all corrected 
or remedied. 

582. Cheese varies considerably in composition, 
according to the mode in which it is prepared. When 
made from fresh milk, cheese consists of caseine and fatty 
matter ; when made from skimmed milk, it contains little 
or no fat : in either case, during the pressing and curing 
of the cheese, it undergoes a peculiar kind of fermentation, 
which gives rise to several complicated chemical changes 
in its composition. Cheese is generally made from milk, by 
the action of rennet, the lining membrane of the stomach 
of the calf, which has the property of causing the coagula- 
tion of the caseine. Cheese which containsbuttei, becomes 
soft and viscid when toasted whilst that which contains 
none, becomes hard and shrivels up almost like horn. 

583. The curd of milk may be separated in a great 
variety of ways ; any substance capable of entering into 
formoTitation, and the greater number of acids, organic 
as well as inorganic, cause its coagulation. As the 
caseine of milk is held in solution by a small quantity of 
alkali, which causes fresh milk always to give a slightly 
alkaline re-action to coloured vegetable test-papers ; so 
the addition of an acid, or of any substance which by 
inducing fermentation can generate lactic acid, neutralises 
this alkali, and consequently precipitates the caseine. 

584. The most powerful of all the ferments which are 
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thus able to cause this separation of the cascine, is 
rennet, which is in fact a membrane in a state of slow 
putrefaction. When a piece of this substance is put 
into milk, the temperature of which is then slowly raised 
to 120^, or thereabouts, a slight degree of fermentation 
will be caused, and the caseine will be separated as a 
curd. 

585. The whey, as the residue of the milk is called, 
after the separation of the curd, contains nearly all of 
the sugar ; nearly the whole of the fatty matter which 
it contained, is entangled and separated by the coagulation 
of the caseine. 

586. The variety of cheeses is very great, depending 
upon a number of circumstances. One important dis- 
tinction is caused by the state in which the fatty, matter 
is associated with the caseine. In double Gloucester, 
for example, the oil and caseine are intimately mixed 
together ; whilst in Cheddar the oil is not so thoroughly 
mixed with the caseine, but is chiefly collected into little 
drops or globules, many of the little cavities in the cheese 
being, in fact, filled with oil. 

587. Stilton cheese is made from entire milk, to which 
an additional quantity of cream has been added ; Par- 
mesan is made from skimmed milk ; and Cheshire cheese 
is made from fresh milk without any alteration whatever. 
The diflerence between single and double Gloucester is 
caused by the fact, that the milk for the former is par- 
tially skimmed so as to remove .about half the cream, 
whilst that for the latter is left entire. Cream cheese. 
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properly speaking, is not really a cheese ; it is rather 
cream, from which the watery parts have been allowed 
to drain. 

588. A very strong and high-flavoured cheese is some- 
times made by allowing milk to become sour sponta- 
neously, and then collecting and pressing the curd thus 
formed. The colour of chee«je is very commonly 
heightened by the use of amiotta, or some other yellow 
dye stuff. In using these substances care should always 
be taken to use only pure materials. 

589. Gelatine, the fourth great principle of animal 

matter, is a tough colourless substance ; in cold water, 
it very slowly softens and dissolves ; water, 

it dissolves more readily, and forms a m jfKton which 
becomes a jelly as it cools. The skin, hoina,’it|^hoofs 
of animals consist principally of hard dry gelatiflJ^ and 
it likewise occurs in many of the softer parts of the body, 
associated with albumen. 

590. Common glue and isinglass consist almost wholly 
of gelatine ; the former is prepared by boiling the clip- 
pings of skin, refuse horns, hoofsjipnd similar matters, 
in water ; a strong solution of gelatine is thus obtained, 
which, as it cools, becomes a jelly, and is then termed 
size ; this, when cut in slices, and dried in the air, is the 
glue of the shops. 

591. Isinglass is the lining membrane of the swimming 
bladder of the sturgeon ; but inferior sorts of isinglass 
are obtained from other fishes. Gelatine is insoluble in 
spirit. In the dry state it may be preserved unchanged 
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for any length of time ; but when moist, or dissolved in 
water, it very soon begins to change ; it becomes mouldy 
and putrcfios. Gelatine consists of 
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592. One of the most remarkable properties of this 
substance is its strong afSnity for tannin ; when any 
astringent solution which contains tannin, is added to a 
solution of gelatine, they combine together, and form an 
insoluble, elastic compound, which is remarkably stable, 
and does not putrefy or ferment The skins <^nimals, 
which consist chiefly of gelatine, are doliTerted into 
leather by tanning, or steeping them in solutions of tan. 

593. Gelatine is used as an article of food, as in the 
preparation of soups and jellies ; by ^itewashers and 
papermakers in the form of size ; in tb^ manufacture of 
glue ; and as a flning material for clarifying wine, beer, 
&c«, when they are turbid. This latter use is a purely 
mechanical one ; a jelly, copomonly called finings, is 
prepared by the action of very weak vinegaT on isinglSss, 
and a quantity of this is diffused thrmi^* the liquid to 
be clarified ; it of course precipitates tannin which 
may be present, and as it subsides^ dairies with it all the 
solid impurities which were pre^eusly suspended through^ 
out the liquid, rendering it tttfbld. 
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594. The fat of animals is perfectly similar in nature 
to vegetable oil ; some kinds of fat are solid, others fluid* 
at common temperature ; but they all become fluid when 
made sufliciently hot ; animal oils, like those of vegetable 
origin, contain no nitrogen, — they 'consist of carbon, oxy- 
gen, and hydrogen, and, when burnt, form carbonic acid 
and water ; like vegetable oils, also, tlicy consist of 
margarine, stearine, and oleine, united to a peculiar 
base (513), and consequently they form soap when boiled 
with alkalies. 

595. The bones of animals contain a very large pro- 
portion of earthy matters ; and, indeed, derive their 
strength and solidity principally from the quantity of 
those substances which they contain. When bones are 
burnt, there remains, after the combustion of all the 
organic matter which they contain, about three quarters 
of their weight of earthy substances ; this is phosphate 
of lime, together with a small portion of carbonate of 
lime ; bones consist of phosphate and carbonate of lime, 
cemented together, as it were, with gelatine and a little 
albumen ; they also contain a small quantity of oil. 
Ivory and the teeth of animals are composed of the same 
substances as bone. Hoofs and horn likewise contain 
phosphate and carbonate of lime, but in far less quantity ; 
they consist principally of gelatine (589). 

596. The some remarkable similarity of chemical com- 
position which is found amongst vegetable substances, 
is likewise observed amongst those of animal origin ; the 
various proximate elements which 'constitute the bodies 
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of animals, are, for the most part, almost identical in 
composition, and, like vegetable substances, they appear 
more or less convertible into each other. A very slight 
alteration in the relative proportion of the elements of 
which they consist, causes very great differences in their 
nature and properties. As in consequence of the very 
peculiar nature of nitrogen, all substances which contain 
it are exceedingly liable to change, therefore all those 
forms of animal matter which contain any nitrogen, very 
soon pass into a state of decomposition. 

597. On comparing together the various substances 
which constitute animal and vegetable matter, it is 
observed that lignin, gum, sugar, and starch, are all 
perfectly distinte in nature and properties from any of 
the substances usually found in the bodies of aqimals : 
a remarkable similarity, however, exists between the 
fibrin, albumen, legumine, and oily substances of plants, 
and certain forms of animal matters, 

598. The albumen, fibrin, and legtoine of plants closely 
resemble the albumen and fibrin^lof animals ; indeed, 
some of the varieties of these [|nbstanccs may bo said 
to be absolutely identical ; they consist of the satne 
elements, and possess the same properties : thus, for 
example, there is no chemical difference between that 
variety of albumen which exists iip peas, beaus, and 
other leguminous seeds, which is ^idled legumine, and 
that form of albumen which is f^und in milk, cheese, 
Ac., and called easeine (347, 569). 

599. When albumen, fibrin, or easeine, are acted ou 
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by a solution of potash or soda^ they soon dissolve, form- 
ing a clear solution ; and if an acid is added to this sr 
as to neutralise the alkali, a precipitate falls, ^hich is 
precisely the same from whichever of these three sub- 
stances it is obtained; to this pr^^ripitate'the name of 
protein is given. Protein consists of oxygen, hydrogen, 
carbon and nitrogen, like the substrnces from which it is 
obtained; but it contains no sulphur or phosphorus, whilst 
they always contain a small quantity. 

GOO. The knowledge of this fact, that the fibrin and 
albumen, <Sz;c., of plants, are identical in composition 
with some of the most common forms of animal matter, 
throws great light on the nutrition of animals. It shows 
that the gluten and albumen of plants used as food, 
may immediately enter into the system of the animal ; 
whilst gum, starch, sugar, &c., must undergo a change, 
before they can constitute a part of the body of an 
animal. 

GOl. It has already been stated that vegetable and 
animal oils consist of the same throe elements ; many 
of these oils contain precisely the same proportions of 
carbon, oxygen, and hydrogen : hence by some chemists 
it has been supposed, that the oil which exists in those 
vegetables used as food, might contribute directly to the 
formation of fat, without undergoing any change ; though, 
on the other hand, many facts might be quoted to show 
that this view is improbable; and that the fat of animals 
is formed from starch, gum, and sugar, by a kind of 
fermentation in the animal system ; and that the fatty 
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matters of the food are not directly appropriated by the 
animals which feed on them. ' 

602. Bearing in mind, then, that the strength of man 
and animals depends mainly on muscle, and that the 
formation of muscle is greatly dependent on the amount 
of organic subject containing nitrogen in their food, it 
becomes a matter of the first importance to study the 
mode of increasing the quantity of these matters in food. 

603. Some animals feed entirely on vegetable food ; 
others feed entirely, or in part, on flesh : in either case 
they derive their nitrogen, or the substances containing 
it, from plants. Animals do not appear to have any 
power of absorbing nitrogen from' the air f^all the albu- 
men, fibrin, <t&c., which they corI^,. is therefore either 
directly or indirectly obtained fro)(|;iplant9. ^ 

604. The most important of the chemical funct^ns of 
animal life may be classed under two great heads of 
nutrition and respiration; and, eensequently, -food also 
may be divided into those kittlB which contribute tp 
the one or other of these t^o objects, ^he changes 
which ordinary food undergoes in .passing through the 
stomach of an animal, are briefl^^tHese : mech)f^^al 
division, effected by chewing, 4^ > chemical di^iion 
or digestion, effected in . the stcSimach ; chemical trans- 
formation, conversion of starch, &c,, into animal niatters ; 
absorption of azotised matters identical in : pbmposition 
with animal matters, and which are passedidirectly into 
the blood; and lastly, separation* of useless matters as 
excrementitiouB. 
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605. Tlio chemical office of food is, to supply to 
the body albumen and fibrin, the elements of blood ; 
in order to counterbalance the waste continually going 
on in the system ; by the constant addition of all 
those matters which enter into it^ composition ; and 
secondly, to contribute to the^formation of animal matter, 
by the transformation of starch ard other substances of 
vegetable origin. 

606. Respiration has already been described (107) as 
being, chemically speaking, a mere process of combus- 
tion, in which carbon and hydrogen are burned at the 
expense of the oxygon of the air ; this process of com- 
bustion is carried on through the medium of the blood, 
and goes on in all parts of the body. In the lungs the 
blood is exposed to the contact of a quantity of atmo- 
spheric air ; oxygen is absorbed, and carbonic aeid given 
off ; the blood thus charged with free oxygen, is sent by 
the action of the heart to all parts of the body, in the 
innumerable minute blood-vessels which terminate the 
arteries ; carbon and a portion of hydrogen are taken up, 
and the oxygen which leaves the heart free, returns to 
it through the veins, converted into carbonic acid and 
water : the former is at last given off from the blood, 
and expired from the lungs, previous to the absorption of 
a new quantity of fresh oxygen from the air. 

607. Two great objects ore effected by the circulation 
of the blood : the one is the removal of carbon and 
hydrogen, by means of free oxygen, which, by com- 
bining with those elements, produces heat, and keeps 
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the body at a uniform temperature ; the other is the 
addition of new matter, to replace that which is removed. 
The digested food, or chyme as it is called, on passing 
from the stomach into the smaller intestines, becomes 
mingled with a portion of bUe, a secretion of the liver, 
consisting of soda and a peculiar fatty acid. In passing 
through the smaller intestines, the chyme is separated 
into two portions, — one containing the elements of blood, 
called chyle, which is absorbed and carried into the 
blood, the other containing rejected matters, which are 
passed from the system as excrementitious. 

608. The true nature of the change produced in food 
by the action of the gastric juice in the stomach of an 
animal, is by no moans satisfactorily hnderstood. This 
remarkable secretion contains a notable quantity of free 
muriatic acid, and possesses great powers of reducing 
organic matters to a state of solution ; especially when 
aided by the temperature of the body. 

609. The excess of fluid 4aken into the ^H^m ^ith 

the food, is conveyed away^Srom the body thrC%h the 
medium of the kidneys, as a secretion which also 

contains the rejected azotised matters of the blood, in the 
form of two peculiar substances to which the names of 
urea and uric acid have been given ; these substancifs 
consist of carbon, oxygen, hydrogen, and nitrogen, and 
are very prone to Compose, especially when mixed 
with other forms of i^fanio matter. 

610. Urea has be^^js^e artificially by chemical 
means, but uric acid hah^uot yet bedn so obtained : its 
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only source is the animal system. When urine is kept 
in a moderately warm temperature, it soon begins to de- 
compose ; when fresh it is generally slightly acid, but 
after a short time it becomes alkaline from the decom- 
position of urea, and formation ammonia. The half 
solid urine of birds and serpents contains a large quantity 
of uric acjd, in combination with ammonia. Guano, the 
decomposed excrement of sea fowl, likewise contains a 
oon&iderable portion of this salt. 

611. It is evident that food of all kinds may be 
classed under two great divisions ; according as it yields 
the elements of flesh, or contains substances capable of 
being at once transferred to Uie blood, and so caniod to 
all parts of the body ; or as it merely contains substances 
capable of undergoing transformations, or of supplying 
the waste caused by respiration. 

612. The quantity of food required by an animal for 
cither of these objects, varies greatly, and depends 
entirely on circumstances : when the waste going on in 
the system is great, a large supply of blood-making food, 
that which is rich in the elements of nutrition, will bo 
required. .When, however, the body is exposed to cold, 
or to violent exercise, the loss must be met by a propor- 
tionate increase in food rich in the elements of respira- 
tion. It happens, however, that the food of animals, for 
the most part, is rich in both forms of nutriment. 

613. A large accumulation of fat in an animal can 
never be considered as healthy ; but, on the other hand, 
leanness or the absence of fat is also unhealthy, because. 
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if at any time exposed to cold^ hunger, or violent exer- 
cise, the tissues of the body itself will be consumed and 
converted into elements of respiration, whilst in an 
animal supplied with a reasonable proportion of fat, the 
latter will be’^tonsumed first, before the tissues of tlie 
body will be thus acted on« 

614. Some animals fatten far more easily than others 
do ; this depends p^ly on their general construction, 
and partly on the circumstances to which they are ex- 
posed, — such as tem^ature, abundance and kind of 
food, exercise, &c. In man, too, the greater ^or less 
activity of the mind exerts a very remarkable influence 
on all the functions of the body ; and, therefore, amongst 
others, on the formation of fat* 

615# Setting aside individual peculiarities of con- 
struction, the size of the lungs, &c., the circumstances 
most favourable to the formation and secretion of fat, 
are warmth, little exercise, abundance of food, and the 
absence of all worry and irritation. Under these circum- 
stances, an animal is supplied with as much of the ele- 
ments of flesh as sufSees to keep up the healthy state of 
all the tissues of the *body ; having an excess of the 
elements of respiration, there is a natural tendency to 
store up fat, which is that form of matter which accu- 
mulates in animals, as a provision against future demands, 
{ust^as plaflits form and store, up starch. Hence the 
effect of stall-feeding, upon cattle# 

616, In cold climatesis JiMlger quantity of the elements 
of respration are required, or the tissues of the body 
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will begin to suffer. In oarnirorous animafPIbere is 
always more or less waste of the body going on, 
and hence the demaff$MF azotised food# In the ease of 
herbivorous animals, hr those which ^d wholly on 
vegetables, there is veiy little of this waste. In cold 
countries a larger qilantity of food is required, and can 
be digested, than in hot ones. A greater quantity of the 
elements of respiration is needed to generate the proper 
amount of heat ; and at the same time, as the air is 
much colder, and therefore more condensed, a larger 
quantity of oxygen is taken in at the lungs by dach 
inspiration (52, 107). 

617. Tho art of cookery, or the pr^aration of fdd^ 
is a very important one, and has been>jfj|t only partial|p 
brought into a systematic and intelligible farm. A great 
many of the processes of the cook can be explained and 
regulated on known chemical principles ; but, at the same 
time, there are also many which Apear to di^ond on 
facts not hitherto recognised or expUMned* 

618. The object o(*l^ookery is to render digestible 
and palatable the various substances used as food ; 
many of which, without such preparation, would be 
wholly indigestible and useless. The chief agents em- 
ployed are heat and moisture. The real object of the 
cook should be to lender wholesome food digestible and 
palatable, and not, as is too often the case, to render 
unwholesome things agreeable to the palate. 

619. In boiling meat two things are effected. It is 
exposed to a heat of 212% and, as far as it is in oontaot 

r 
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with the water, the soluble substances which it contains 
are extracted. These are, in fact, vory different opera- 
tions, though they are commonly confounded together. 

620. The albumen of flesh, which is to a considerable 
extent in a fluid state, is coagulated and brought into 
the solid form by exposure to a heat of boiling water ; 
albumen begins to coagulate at a temperature of 168°. 
Now, when meat is plunged into boiling water, the 
albumen in the outer parts is immediately rendered hard 
and insoluble, and the passage of heat to the inner parts 
of the meat proceeds very slowly. If, therefore, the 
joint is of any size, the inside will not be thoroughly 
boiled, until the whole has been boiled so long that the 
outside is quite overdone. 

621. In order to boil meat well, it should be put into 
cold water, and then gradually heated up to the boiling 
point ; a slow and gradual application of heat is that 
best fltted to render, meat tesv and digestible. The 
time of boiling must, however, of course depend on the 
size of the joint to be cooked. Meat should never be 
boiled rapidly, not only for the reason just given, but 
also because, when the water boils strongly, the steam 
carries off a large portion of the volatile matters of the 
meat, and so renders it less savoury and palatable. The 
best effect is produced by only allowing the water to 
simmer or boil very gently. In a large kitchen, boiling 
by steam is better, more manageable, and more econo- 
mical, than with an open fire. 

622. The gelatine of flesh, on the other hand, is 
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softened by the action of the hot water ; it is chiefly in 
a solid form, and softens and gradually dissolves in the 
heated water. In steaming, by the long-continued action 
of a gentle heat^ the whole of the gelatine is softened 
and brought into an easily digestible condition. 

623. When meat is made into soup, if simply sim- 
mered in water, the gelatine only will be dissolved. The 
fat either remains entangled in the fibre of the meat, or 
melts and rises to the surface of the water. By adding 
vegetables, or any substance containing starch, which 
acts as a thickener, a sort of emulsion is formed, and a 
large quantity of the oil remains divided and ^spended 
throughout the soup, much in the same way that the oil 
or butter is naturally diffused in milk (573). 

624. Generally speaking, gelatine is more easily 
digested than albumen, though the latter is the more 
nutritious. It is a mistake to suppose that the jelly of 
meat is the most nutritious part of it ; the value of 
gelatine as a part of food is commonly over-rated. 
Its value consists chiefly in its being easily soluble, 
and therefore more rea'dily digestible, than albumen or 
fibre. 

625. In boiling vegetables, very similar results are 
produced ; the solid parts are softened and rendered 
more soluble, whilst the albumen is coagulated. It 
should always be borne in mind, that there is nothing 
gained by heating the water very strongly so as to make 
it boil rapidly ; but, on the contrary, it is highly objec- 
tionable. Water which simmers, is very nearly quite as 

p 2 
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b6%i as that which boils rapidly, and does not carry off 
so much of the volatile principles of the food. 

626. When it is desired to soften and dissolve food as 
much as possible, pure soft water is best ; but . when it is 
designed only to soften, but not dissolve it, hard water 
is preferable. In genenl, the solvent powers of hard 
water are much less than those of soft water. For this 
reason, pure soft water is host for making soup, whilst 
hard water is best for boiling joints of meat. Salt is 
constantly added to the water used for cooking ; this 
diminishes its solvent powers, rendering it harder, and 
therefore^^ better fitted for those operations which aie 
intended to soften the food, but not dissolve it. 

627. In roasting meat, the chemical changes produced 

are not very dissimilar from those effected by boiling. 
A good deal depends on the management of the fire ; if 
it is too hot at first, the outside of the meat will be 
scorched and burnt before the inside is warmed. 

By the use of the spit, or by otherwise causing the 
tm’ning of the joint, the action of the fire is rendered 
more slow and gradual ; and by basting, or continually 
pouring the gravy which drips from the roasting meat, 
over it again and again, the evil effects of too much 
heat on the outside are guarded against. 

628. The effect of roasting meat, is to harden the 
albumen, whilst the gelatine is liquified, and the fibre . 
becomes softened and rendered easily digestible. If 
meat is Over roasted so that it becomes dried up, more 
harm than good is done ; because, when the heat has 
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driven off the natural juices of the meat, its continued 
action, instead of softening it more, renders it hard and 
less soluble, and therefore less digestible. 

629. Fat, taken in conjunction with other substances, 

is a valuable part of food, provided it enters the stomach 
in a proper state. Fat should always be divided and 
mixed up with, other substances, so that the mere 
application of heat may not at once cause its separation. 
The oil in seeds is so divided by the starch and other 
matters with which it is associated, that it is wholly 
digestible ; ground up with water, oil seeds furnish an 
emulsion resembling milk. „ 

630. The oil used in cookery should, as far as 
possible, be brought into this state ; if it is permitted 
to come into the greasy state, it is not only far less 
digestible itself, but likewise produces a similar effect on 
the substances with which it is mixed. These two con- 
ditions may be well observed, on comparing together 
good melted butter, with that which has been allowed 
to “oil.’’ 

631. Common salt is a necessary ingredient of all 
good food. Its use in the preparation of food is evident 
from the preceding remarks ; it is also valuable in its 
preservation, acting as an antiseptic, and preventing it 
from undergoing fermentation or change. Salt is further 
important as aiding digestion, to which both the soda 
and muriatic acM it contains are necessary (608^. 

632. The effects of various- condiments and spices on 
the appetite are very remarkable; stimulating it, and 
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sometimes m a very beneficial mannei*. The principles 
upon w^ch these substances act is vSry ill understood, 
and cannot be satisfactoifily explained by reference to 
ordinary cliemical facta; indeed, it can hardly be 
otherwise till the chemistry of digestion is more fully 
understood. 

633. The phenomena of digestion in some respects 
resemble those of fermentation* The substances used 
as food, are for the most part all very liable to undergo 
fermentation ; and the nature of the change thus brought 
about, depends wholly upon circumstances. Any derange- 
ment in the process of digestion, may jprmit some other 
change to commence, and the system must then be 
immediately thrown out of order. A very great number 
of diseases may, either directly or indirectly, be traced 
to some disturbance in the functions of digestion. 

634. Very little is known respecting the mode in 
which medmincB act, or the effects which they produce 
when taken into the stoi^ch. The infiuence of some 
substances may, to a certain extent at least, be explained, 
such, for example, as dilute sulphuric acid, which it s 
evident must re-act upon any common salt it meets with, 
generating muriatic acid and sulphate of soda. Again, 

. the manner in which one form of indigestion, arising 
from the incipient fermentation of food, is arrested by 
certain volatile oils, or by saline draughts charged with, 
carbonic acid, may be explained ; but the mode in which 
bark, opium, and indeed nearly all other drugs act, is 
quite unknown. 
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635. It is true that chemists have ascertained^ that 
these suhstances^derive their active powers from the 
presence of minute quantities of various peculiar prin- 
ciples which they contain. These substances have been 
separated, analysed, examined, and named ; but the 
knowledge thus obtained, has not thrown much light 
upon the real mode in which they act. It has merely 
shown the nature of the active agent, but neither the 
way in which it acts, nor the principle upon which its 
activity depends (543), 
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CHAPTER VII. 

THB POOD OP PLANTS*— ITS NATURE AND SOURCES. 

636. Haying shortly described the elements of vege- 
table matter, and enumerated the prinbipal compounds 
of those elements which are found in plants, we may 
at once proceed to consider the sources 4)f the food of 
plants ; that is to say, the means naturally provided to 
insure to them a due supply of the various substances 
necessary to their growth ; namely, oxygen, hydrogen, 
carbon, nitrogen, and the various earthy and saline 
substances which are always found in plants. 

637. There are only two sources whence it is possible 
for plants to derive these matters ; namely, the air and 
the soil ; let us inquire what substances they can obtain 
in this manner, and how they avail themselves of the 
food thus offered to them. 

638. It has been already stated, that the air at all times 
contains a small quantity, of carbonic acid gas (37) ; it 
likewise always contains a still more minute proportion 
of ammonia, which is constantly being formed by decay. 
Here, then, we see that the air-contains the four elements 
of organic matter ; and when, in addition to these facts, 
we remember that the air is always more or less damp, 
it is easy to understand that plants can derive from the 
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air alone, the greater part of the substances which they 
require (41, ISO)?* 

639. Although the air contaifljl ^la rge a proportion 
of oxygen, and although that subsMpkis in a free state, 
that is to say, not combined with aqj^Nl^neDt, but ready 
to combine with any substance for whicfi k has an affinity, 
yet it docs not seem that plants derive tbil^xygcn which 
they contain, directly from the air. 

640. In the same way, there is no to show 

that they are nable to absorb nitrogen fromithe air. It 
might have b^n awipposed that plants would obtain the 
nitrogen which they require, directly from the air, which 
contains nearly four-*||^s of that gas ; but there is very 
good reason to believe *ti|iat this is not the case, and that 
plants can only obtain nitrogen, or assimilate it, as 
chemists say, by absorbing it in combination with some 
other substance. 

641. What ^s just been said with regard to oxygen 
and nitrogen, is equally applicable to carbon and hydro- 
gen : the former is a solid substance, and therefore, as 
one might rightly conclude, plants cannot absorb it in 
the separate state ; when combined with oxygen in the 
form of carbonic acid gas, and possibly also when in 
the form of carburetted hydrogen (131), it can be ab- 
sorbed by plants. Hydrogen has never been found in 
the air, except in a state of combination ; the commonest 
compounds of hydrogen, and indeed almost the only ones 
from which plants could obtain that element, are water 
and ammonia. It may be laid down as a rule, that plants 
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can ovijff absorb oxygen, hydrogen, carbon, and nitrogen 
in a state of combination, and moreover that these 
compounds, to be absorbed, must bo either fluid, or 
gaseous. 

642. The soil consists of silica, alumina, lime, mag- 
nesia, oxide of iron, small quantities of various alkaline 
and earthy salts, and a portion of decaying organic 
matter. It^ likewise contains water, and the small 
quantity of ammonia and carbonic acid which the rain 
has brought down from the air. Plants cannot derive 
the elements of organic matter from the earthy consti- 
tuents of the soil, nor from the organic matter which it 
may contain, unless there is air present ; by the action 
of air, these substances decay, and are gradually changed 
into gases, which plants can absorb. 

643. It is commonly supposed that plants derive the 
whole of their food from the Soil ; but .tUl is an error : 
it is a fact well ascertained by chemical et^ioriments, that 
plants derive the greater part of their nourishment from 
the air, although the soil is equally essential to their 
growth. 

644. The earthy substaCKies contained in plants are 
principally obtained from the soil : it is true that the air 
contains exceedingly minute traces of various earthy and 
saline substances, which are suspended in it in the form 
of dust, and carried about by the winds ; but the quantity 
which plants can derive from this source is comparatively 
small. The air near the sea-shore, and even to a great 
distance inland, is frequently loaded with saline particles 
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derived from the sea ; after a storm at sea the quantity 
of salts thus suspended in the air is very considerable. 

645. The fact that some solid substances can be thus 
carried along in the ah', in a state of very fine powder, is 
important, and well worthy of being remembered, as it 
explains many apparently mysterious phenomena. It is 
exceedingly difficult to detect tlu very minute quantity 
of solid matter contained in the air, but there is na doubt 
that it often does exist, although we are not aware of its 
presence. 

646. Setting aside the small quantity of earthy matters 
which plants may derive from the air, it is evident that 
the great source of the lime, potash, and other similar 
substances contained in plants, can only be the soil : 
hence the chemical composition of the soil must exert 
great influence on the plants which are cultivated in it. 

647. The soil or earth is essential to the growth of 
plants in several distinct ways. It enables them to fix 
themselves fimly, as from its open porous nature it 
allows the roots to extend, in various directions, and 
obtain a secure hold, so that the plant can grow erect 
into the air without danger of being blown away by the 
winds. The soil likewise supplies them with substances 
essential to their growth : such as carbonic acid and 
ammonia, either generated by the decay of substances 
which the soil naturally contains, or absorbed from the 
air ; and also yields them the earthy and alkaline salts 
which they require. 

648. As may be supposed, the soil is very variable 
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in composition ; its nature is generally a good deal 
dependent on the subsoil and stony matters which arc 
buried beneath the surface, many of which are slowly 
decomposing, or crumbling away, and adding to the soil 
the substances of which they consisted* 

649. The origin of all soils appears to bo the disin- 
tegration or gradual crumbling down of rocks, from the 
action of frost, and various chemical and mechanical 
agents ; and therefore all soils contain innumerable little 
fragments of different rocks, which arc slowly but con- 
stantly becoming smaller, as the chemical combinations 
of which they consist, are broken up and destroyed. 

650. This gradual decomposition of stony particles 
in the soil, is caused by the action of the air. Many of 
the common rocks are compounds of several different 
earthy and alkaline substances, in which silica, united to 
lime, alumina, potash, and soda, forms silicates of those 
or similar bases (267). 

651. Silicates of this kind, or natural compounds con** 
taining silica in combination with several earthy and 
alkaline bases, are quite insoluble in water, and are 
scarcely acted on even by the strongest acids ; neverthe- 
less they gradually decompose when exposed to the air. 
Under the joint action of the moisture and carbonic acid 
in the air, these compounds are disintegrated, carbonate 
of potash or soda is formed, and in part washed away by 
the rain, whilst the insoluble earthy bases arc left in the 
form of a very fine powder. 

652. The most abundant constituent of soil is com- 
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monly silica, which frequently forms nearly nine-tenths 
of the whole of its weight ; but ^ this is by no means 
always the case, for in calcareous or limestone countries 
wo frequently find soils containing a very large quantity 
of lime ; whilst others again contain a large proportion 
of alumina. These differences in the proportion of the 
earthy components of the soil, give rise to the varieties 
of light or free, and stiff or clayey soils, which are also 
modified by the presence of a greater or less quantity of 
organic substances. I 

653. Silica and alumina, which are generally tho two 
principal constituents of soils, differ very greatly in their 
respective uses. The former is of importance, both 
chemically and mechanically. Chemically, as forming 
a soluble compound with alkali, and thus being absorbed 
by tho roots of plants, and conferring strength and sta- 
bility to their structures ; and mechanically, by diminish- 
ing the extreme closeness and tenacity of alumina, and 
thus, by making tho soil more porous and open, allowing 
the passage of air and water through it, and enabling the 
roots of plants more easily to penetrate it than they 
could, were it wholly composed of alumina. 

654. On the other hand, the use of alumina is princi- 
pally mechanical, tending to keep the soil moist, from 
its attraction for water, and likewise being highly useful 
in absorbing ammonia, both from tho air and from all 
decaying substances evolving it in the vicinity, by virtue 
of that property which many porous substances, and more 
especially charcoal, possess, of absorbing or condensing 
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that gas (162) ; which, as we shall shortly show, is of 
great importance in the growth of plants. 

655. Soils differ greatly in their mechanical as well 
as in their chemical nature. The same substances con- 
stitute a soil possessing very different properties, accord- 
ing as thoy are in the form of little grains like sanl^ or 
in very fine powder. This state of mechanical divistbn 
is of great importance for several reasons, and most 
particularly in relation to water. A soil containing a 
large quantity of alumina is generally known by its stiff, 
tenacious character, and is remarkable for its great 
retentive power for wa^ ; whilst those consisting prin- 
cipally of silica, and more especially those in which it 
exists in the form of sand, are generally light and porous 
soils, and far less retentive of water. 

65G. Again, a soil containhig alkaline silicates in the 
form of little grains, always contains free alkaline matter 
in a soluble state, set free by the decomposition of those 
silicates, and this separation of alkaline matter continues 
so long as there is any of the solid silicates left ; this 
effect would cease in a short time if all the silicates were 
very finely powdered ; thoy would soon undergo decom- 
position, and the whole of the alkaline salts would then 
be washed out by the rain (651). 

657. The best soils are those in which the earthy 
constituents are so proportioned, that the light, porous 
qualities of the one are balanced by the close, retentive 
properties of the others ; for they are then most uuifoi*mly 
suitable to vegetation. 
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658. The silica and alumina in soils are of course 

almost wholly free and uncptnbined with any acid, as 
the fortner is hot a base, and the latter has hardly any 
aiHnity for the weaker acids, such as the carbonic. Small 
quantities of silica are almost always fotind in soils, com- 
bined with either soda or potash, forming those cunous 
compounds before alluded to, in which the silica seems 
to play the part of an acid (259) ; soils never contain 
more than a very small quantity of these substances; 
but it is evident that plants, such as grasses, which con- 
tain silica, must obtain it from the soil in a soluble form, 
by gradually absorbing it in combination With alkali, 
dissolved in water. . 

659. Silica also exists in soils, in combination with 
several bases together, such as lime, potash, soda, 
magnesia, and alumina, constituting the natural rooky 
silicates just spoken of ; the nature and composition of 
these compounds, as well as their tendency to decompose, 
varies considerably in different soils. 

660. Lime and magnesia, both of which have d power- 
ful affinity for acids, are never present in the soil except 
in combination with some acid, and this is most com- 
monly the carbonic ; the former substance is also not 
unfrcquently found combined with sulphuric acid, con- 
stituting gypsum, or sulphate of lime (237). . 

661 . The oxides of iron in the soil, are usually uncom- 
bined, as they have not sufficient attraction for carbonic 
acid to combine with that gas, which is always present 
in the air. They in great measure occasion the variations 
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of Jbolour observed among soils ; for according as the 
iron is in a state of protoxide ^or peroxide, it gives to the 
soil a black or brownish-red colour. > 

662. It must not be supposed, however, that the 
colour of soils is wholly dependent on the iron which 
they contain, or that the blackness of any particular 
soil, is indicative of the presence of oxide of iron. The 
decomposing vegetable substances, which all soils con- 
tain in greater or less quantity, are usually of a brown 
or 'black colour, and therefore not unfrequently give a 
very dark colour to a soil, which only contains a very small 
portion of oxide of iron. 

663. Sulphate of iron is also sometimes present in 
soils in very small quantity, being formed by the gradual 
oxidation of sulphuret of iron in the manner previou^ 
mentioned (286). A very miimtc quantity of this |Mlt 
of iron confers upon the so|)|^^liar properties, ^ich 
render it appropriate for pafH^lar plants ; but a slight 
increase of its amount, is att^ed with bad results, for, 
unless in voiy minute quanwr, it is poisonous plants ; 
and hence such soils as contain much sulphate of iron 
are invariably barren, or incapable of supporting healthy 
vegetation. 

664. The saline matters iii the soil are principally 
the sulphates, muriates, nitra^, and phosphates, of the 
alkaline and earthy bases. ^ The nature and quantity of 
these substances vary considerably, but they never con- 
stitute more than a yery^^all portion of the soil ; their 
influence upon veg^i^oa is, however, considerable, 
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tor certain plants seeiti to^i^nira pa^rGcuIar saline sub- 
stances, and do not grow Well in soib not containing 
them. ' 

665. Thus all Itinlla of gfoss and corn, contain silica 
and phosphoric acid * the formeir substhnce requires the 
presence of ah alkali, either p<i^aA^ er^soda, tender it 
soluble, and to enaUl it to enter the itoots when it is 
dissolyed in water ; whilst the latter igi also always 
associated -with a base, which is usually either lime or 
magnesia. In the same way, all plants are found to 
contain small quantities of similaf saline and earthy 
matters. 

666. The relative proportion qf the different ingre- 
dients of soils vary very greatly. The chief constituent of 
nearly all soils is generally silica, in the form of sand ; 
and in fact there are comparatively fcut few good fertile 
soils in which this is not the case. The sandy matter of 
most silicious soils consists of nearly pure silica, but in 
some cases it contains alumina, lime, &c. (325). The 
following analyses, taken from SprengCl's book on the 
composition of soils, will serve as examples of the general 
nature of ordinary soils ; they are samples taken from 
lands in the north of Germany. 


Silica and fine sand • 

94,998 

9^80 

96,721 

Alumina 


• 82U 

370 

Oxides of Iron . • 

1,980 

],666 

480 

Oxide of Manganese . • 

268 

18& 

trace 

Lime, chiefly combined vdtb Silica 

* 141 

,748 

6 


■1 11 ,.... .y 

'■ ■ ■■ 



97,0^7 

96,403 

97,676 
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Brought forward 97,097 

96,402 

97,576 

Magnesia ...» 

. ,208 

168 

80 

Potash .... 

56 

65 

tiace 

Soda • * . • . 

44 

130 

36 

Phosphoric Acid • • 

80 

246 

trace 

Sulphuric Acid . . • 

. 41 

trace 

tiace 

Chlorine (in common salt) . 

. 4 

trace 

58 

Humic Acid . ' . , 

. 400 

764 

800 

Humus, containing Nitrogen 

. 2,070 

2,225. 

1,450 


100,000 

100,000 

100,000 


G67. The nature and quantity of the organic sub- 
stances in the soil have groat influence upon its character 
and fertility, .They act in several ways. By slowly 
decaying, they present a constant source of carbonic acid, 
and likewise of ammonia, if they contain nitrogen ; whilst, 
by rendering the soil open and porous^ and at the same 
time augmenting its absorbent powers, they assist in 
keeping it uniformly moist. They also increase the means 
which the soil possesses of absorbing and condensing 
ammonia and carbonic acid from the air. 

668. It is a remarkable fact, that a mixture of two or 
three earths, such as lime, silica, and alumina, is better 
fitted to absorb moisture and gaseous matter, than either 
of the earths taken singly ; and in the same way> the 
addition of organic matters to the soil has the effect of 
increasing this power still further ; and, therefore, as was 
before said, the best soils are those containing a quantity 
of each of the three earths, mixed with a moderate 
proportion of decaying organic matters, 

6G9. Some soils contain a very large quantity of 
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organic substances, and indeed not unfrequenflj consist 
almost wholly of the remains of vegetables ; the different 
\arieties of peat are of this character. In such soils wc 
observe the bad effects of the presence of too much 
organic matter in a soil. It is thus rendered tough, 
porous, and spongy, so that it is soon saturated with 
water, or completely dried, by changes of weather. 
Besides all this, it frequently contains a peculiar acid, 
produced during the decay of vegetable matter, which is 
hurtful to the growth of plants. 

670. Another use of the organic constituents of the 
soil is, that they furnish to the plants growing on it the 
baline substances which thoy naturally contain ; and 
which not being subject to decay, are gradually washed 
out by the rains during the decomposition of the organic 
substances, and are ready to be absorbed by the roots of 
growing plants. 

671. The decay of the vegetable remains in the soil, 
never proceeds so far that the whole of the elements 
which they contain are converted into carbonic acid and 
water. The first change which they "undergo, when 
exposed to air and moisture in circumstances favourable 
to decay, is a diminution of the quantity of oxygen and 
hydrogen, and likewise, though in a smaller relative 
proportion, of the carbon which thoy contain. 

672. The result of this is a change of colour, some- 
what similar to that produced by slightly burning or 
singeing them by heat : they become more or less brown, 
according to the degree to which this change has 

q2 
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proceeded. Whilst in this state, they constitute what is 
called HUMUS, the name by which chemists distinguish 
all kinds of vegetable matter when in a state of decay, 
and more especially woody fibre, which indeed usually 
constitutes a very large proportion of the bulk of plants. 

673. This process of decomposition proceeds slowly for 
a considerable time, the relative proportion of the oxygen 
and hydrogen to the carbon gradually decreasing, carbonic 
acid and water being all the time formed, until, at last, 
the humus, consisting of carbon with only a small pro- 
portion of oxygen and hydrogen, ceases to undergo any 
further change ; it then is termed mould by chemists. 

674. In order to understand this process, which is on^ 
of great importance in connection with the growth of 
plants, it must be remembered that woody fibre and 'most 
vegetable substances consist of carbon, oxygen, and 
hydrogen. Though the elements of these substances arc 
united together in nearly the proportions to form carbon 
and water, we must nevertheless clearly understand that 
they are not composed of carbon and water, but that 
they are distinct compounds of the three elements ; and 
therefore, of course, that the water produced during 
their decay is not merely set at liberty by a process of 
decomposition, but is formed by the hydrogen which is 
given off during decay, entering into combination with 
oxygen. 

675. When woody fibre and similar vegetable sub- 
stances are*" exposed to air and moisttire, they decay ; the 
chemical affinity which binds their elements together 
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seems to bo weakened, and the elements acquire a 
tendency to form new, and more simple combinations. 
The oxygen and a portion of the carbon unite and con- 
stitute carbonic acid ; whilst a portion of the hydrogen 
combining with oxygen from the air, gives rise to the 
formation of water. 

676. This explains the use of air in facilitating the 
decay of these substances ; for it is evident that if free 
oxygen be required to combine with the hydrogen, this 
process cannot go on without a constant aqpply of fresh 
air. The rapidity of the decay *of vegetable matters in 
the soil, therefore, depends greatly on the porosity or 
closeness of the soil, permitting a more or less perfect 
action of air. 

677. In soils containing a largo proportion of clay or 
alumina, the decay of vegetable matter or humus proceeds 
very slowly, because the close, dense nature of the soil 
greatly retards the free access of air ; though, in other 
respects, such soils are decidedly favourable to decay, 
inasmuch as they remain long moist, and a certain degree 
of moisture is essential to decay. 

678. It is necessary to acquire a clear conception of 
the nature of what is called humus, and the office which 
it pel forms in the nutrition of plants. It was formerly 
supposed that plants derived thei{ carbon from the 
organic matter of the soil, that the brown decaying sub- 
stances called humus were directly absorbed by plants, 
and their carbon appropriated : it is now known that 
this is not the case. The real use of humus is, that it 
constantly generates carbonic acid. 
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^79. When water is poured on humus or decaying 
vegetable matter, very little of it is dissolved, and tho 
water acquires a pale yellow colour: if, however, tho 
water contains potash or soda, either caustic or in the 
state of carbonate, it dissolves far more humus, and 
acquires a deep bt*own colour : the cause of this is, that 
the alkalies facilitate the decay of that substance. Under 
the influence of the alkalies, a peculiar acid is formed, 
which has accordingly been termed the humic. The 
brown solution obtained under these circumstances con- 
tains humic acid in combination with potash or soda. 

680. It has been supposed ^at this acid might bo 
formed by the action of alkalies on the humus or decay- 
ing matters which the soil contains, and that the humates, 
or confounds of humic acid, thus formed, being absorbed 
by plants, might supply them with carbon. There is, 
however, no proof whatever that this really is the case ; 
on the contrary^ as has already been stated, there is 
eveiy reason to believe that decaying vegetable matters 
merely yield carbon to growing plants, by generating 
carbonic acid gas. 

681. The food of plants, then, is carbonic acid gas, 
water, and ammonia, partly derived from tho air, and 
partly from the soil ; and certain earthy and saline sub- 
stances, derived almost wholly from the soil. Let us 
consider the circumstances under which plants are able 
to absorb and assimilate these substances, and what other 
conditions are requisite to their growth. 

682. The important influence which water has on the 
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changes which vegetable substances are liable to undergo 
has already been alluded to, when speaking of albumen, 
fibrin, and the other similar substances which enter into 
the composition of seeds. All these substances, which, 
under the joint action of air and moisture, arc so liable to 
undergo various changes, become comparatively fixed and 
luichangeable, when well dried and protected from the 
action of water. During the germination of seeds, a great 
change takes place in the nature of the substances com- 
posing them. Garbot||emcid is formed by the combina- 
tion of a portion of thoi which they contain, with 

the oxygen of the air, Th^ *y jtyiitions requisite to the 
germination of seeds are, therefore, moisture, a certain 
degree of heat, and the presence of air. 

683. Light appears to* be prejudicial, and, th<|fefore, 
darkness may be said to bo also necessary to the perfect 
germination of seeds ; and those conditions arc all secured 
by a good soil. The office performed by moisture is, in 
the first plaHH, principally mechanical, serving to soften 
and swell up the dry matters composing the seed, and, 
by assisting in the introduction of air, to facilitate the 
changes requisite to germination : it likewise acts chemi- 
cally, its presence being essential to the conversitm of 
starch into gum and sugar. It is also possible that 
water may sometimes be decomposed during germina- 
tion, its oxygen combining with carbon to form carbonic 
acid. 

684. When seeds germinate in a confined portion of 
air, we find that the air does not increase in bulk at all ; 
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the nitrogen is not at all affected, but the oxygen is 
found to have combined with a quantity of carbon, and 
to be converted into carbonic acid; and, in consequence, 
the insipid and comparatively insoluble starch contained 
in the seeds, has changed into more easilyvjsolublo, sweet, 
and mucilaginous or gummy substances, fit for the nourish- 
ment of the embryo plant, before its roots and leaves arc 
sufiSciently developed to enable it to derive support from 
the different sources of food presented to it» 

685. When the access of air is prevented, whilst at 
the same time seeds are exposed to moisture, they are 
unable to undergo this change ; germination, or the 
growth of the embryo, cannot take place, and the seeds 
decay ; a portion of the water is decomposed, and the 
oxygeg and hydrogen which it contained, unite with the 
elements of the vegetable matter, and form carbonic acid, 
ammonia, carburetted hydrogen, and other substances. 

686. The first chemical change which takes plac^l^ 
germinating seed, is the change of a portion of its azotised 
constituents into diastase (360), a substance which does 
not exist previously in seeds, but is formed by the process 
of germination : it appears to be a peculiar modification 
of vegetable albumen. This change cannot bo effected 
without the presence of free oxygen, which removes the 
excess of carbon. The azotised matter converted into 
diastase immediately begins to act as a kind of ferment, 
causing the starch and gum of the seed to pass into tho 
state of sugar. During the earliest stage of germina- 
tion, a small portion of vinegar or acetic acid is formed. 
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Alkalies tend to assist germination^ because they combine 
with, and neutralise this acid. 

687. The chemical changes attendant on the process 
of germination, arc very different from those which go 
on during the growth of a complete plant. Before the 
formation of leaves, and in the very earliest stages of its 
growth, a plant requires only warmth, moisture, and the 
presence of air ; but subsequently, it requires, in addition 
to these, carhonic acid and light. 

688. It is the oxygen of the air alone which is essen- 
tial to the germination of seeds, for the nitrogen being 
unable to combine with carbon, under ordinary circum* 
stances, is quite useless in diminishing the quantity of 
that substance contained in the seeds : its presence in 
the air is, however, very useful, serving to dili^e the 
oxygen and to prevent its acting too rapidly. Seeds are 
found to germinate very quickly in pure oxygen gas, but 
the plants produced are weak and unhealthy. 

689. The germination of seeds may be readily effected 
in water, although they are for the most part unable to 
grow and vegetate under that fluid. The change, which 
under ordinary conditions, is effected in seeds by the 
oxygen of the atmosphere, is under these circumstances, 
caused by the oxygen of the small quantity of common 
air always dissolved or held in solution by water. In no 
case can a seed germinate unless free oxygen is present, 
or some other means exist by which a portion of the 
carbon in the seed can be removed, so as to cause the 
change in the constituents of the seed before described. 
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690. In the process of maltitfg, » or converting raw 
grain into malt, the object to be ai;tainecl is to change a 
large portion of the starch which the barley contains, 
into gum and sugar. This is effected by steeping the 
grain in cold water, and then heaping it up together on 
the floor of the malt-house ; it is thus placed in the most 
favourable^tonditions for germination, and consequently 
the chemical changes attendant on that process imme- 
diately commence. The seeds lose carbon, and at the 
same time convert the oxygon of the air into carbonic 
acid ; the embryo or young plant begins tosincrease in 
size, and the grain becomes warm from the heat evolved 
by the chemical action. In malting barley about 20 per 
cent, of starch is changed into sugar and gum (412). 

691. If this were suflered to continuo, the sugar and 
gum formed would be consumed by the growing young 
plant, and the malt would then become useless. When, 
therefore, the process has proceeded to a certain extent, 
it is stopped by the gradual application of heat, which, 
by driving off the water and drying the grain, destroys 
the conditions requisite for the further growth of the 
young plant, and preserves the grain in the state most 
proper for the uses of the brewer and distiller. 

692. Malting essentially consists of four distinct pro- 
cesses, which are respectively called steeping, couching, 
flooring, and kiln-drying. The barley is first of all 
steeped in stone vats or tanks filled with water ; it 
svrells, and at the same time gives out a small quantity 
of carbonic acid, together with some colouring matter. 
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The grain is allowed to remain in,the steeping tanks for 
from forty to forty-five hours ; sometimes the water is 
renewed ; during this time it has expanded considerably, 
and increased in weight from fifteen to twenty per cent. 
The maltster judges that it has been steeped long 
enough, when it is so soft that the two ends of the grain 
can be easily squeezed together, between tlie thumb 
and finger. 

693. The water is then drained off, and the steeped 
grain is spread over the floor in square heaps, about 
thirty inches deep, in which state it is allowed to remain 
about twenty-six hours. After this, the grain begins to 
heat, and, if loft to itself, Wv)uld ere long become so hot 
that it would be injured. This is prevented, however, 
by the maltster ; who takes care to turn over and gra- 
dually diminish the thickness pf the heaps of malt about 
twice a-day. When the steeped grain is first couched, 
tiic surface grains soon dry up a little ; but as soon as 
the heap begins to heat a little, these grains again 
become moist ; this is termed the sweating of the grain, 
and shows that germination is commencing. 

G94. The time required for malting varies according 
to the temperature and the kind of malt it is desired to 
make ; about fourteen days is the average time. Winter 
is far better suited to malting than summer, because in 
the former it is much easier to regulate and keep down 
the temperature, than it is in summer. The maltster 
judges of the progress of his operation entirely by the 
growth of the young roots, which the seed puts forth. 
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695. lu drying malt, the great ^Jehj|||Bt U to drive off 
vrater, and destroy all farther growth, without exposing 
the malt to so high a temperature as wodd risk its 
injury or dccomp()|ition ; as, in that caso', the sugar 
which had been formed would be destroyed and lost. 
The application of heat, therefore, must be very gentle 
and gradual ; in fact, the less heat the malt is exposed 
to, the better will it be. When thoroughly dried it is 
screened, so as to remove the dried rootlets, which are of 
course brittle, and hence easily detached from the grain. 
After this, the malt is once more spread out and exposed 
to the air, in order that it may mellow and become soft 
and mealy. 

696. * There are several chemical means by which 
germination may be accelerated, but in general very 
little benefit is derived from such processes. Thus, for 
example, substances which have a strong affinity for 
hydrogen assist germination, because they tend to 
decompose water, and set free oxygon. For this 
reason, solutions containing free chlorine are found to 
cause seeds to germinate more rapidly than they would 
otherwise do. 

697. When seeds are sown in the earth, they are 
placed in a situation where they are protected from the 
action of light, and exposed to the influence of air and 
moisture ; and provided they are not too cold, that is, 
above the freezing point of water, they will germinate 
and produce plants. Below that temperature, seeds 
cannot germinate, because, as has been already said, 
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the action of water is in the first instance to soften the 
seed, and this it cannot efiect when so cold as to assume 
the solid form itself. If buried too deep in the soil, the 
free access of air to the seeds will bo retarded, or even 
perhaps wholly prevented, and undei these circumstancob 
of course they cannot grow. 

698. The nature of the soil, too, is of considerable 
importance : very clayey soils allow a less perfect action 
of air than those whicli are of a more porous and open 
stiucturc, and in the former, therefore, the process of 
germination proceeds more slowly. 

699. In the next stage of the growth of plants, or 
when they have leaves, they oegin to absorb carbon from 
the air instead of parting with it ; and this they do by 
decomposing the carbonic acid always present in the 
air, a power which they possess when exposed to the 
influence of light. 

7 00. The eflfects of light in iiicroasing and diminishing 
chemical aflSnity are highly curious, and but very imper- 
fectly understood : there are a good many substances 
which, although .they have an affinity for each other, 
cannot combine in the dark. In the same way, that 
peculiar chemical change which goes on when plants 
grow, cannot proceed well in the daik ; the decompo- 
sition of carbonic acid and water, and the combination 
of their elements in order to form lignin or starch, &c., 
goes on very imperfectly without light. 

701. The cfiect of Lights in causing chemical com- 
bination and decomposition, is quite independent of its 
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brightness or illuminating power. The rays of light 
which, reach the earth from the sun, possess three dls< 
tiuct classes of properties ; those which give light, those 
which give heat, and those which cause chemical action. 
In passing through different substances it is found that 
one or other of these properties is lost ; the heating rays, 
for example, passing through, whilst those which give 
light are stopped (187, 295). 

702. Chemical action is causfd in the cells of the 
leaves by the agency of these chemical rays of light, 
which enable the vital power as it is called, to form 
organic matter ; hence it is frequently said that Light 
stimulates vegetation. Chemical action is a]ap augmented 
by Heat, which, though it cannot a]oi|p^ffect those 
changes usually produced by light, coi»||ably assists 
them, and is therefore classed with light stimulus^ 

703. Electricity also, that marvellous power, in many 
respects so similar to light and heat ; the effects of which 
we frequently see in lightning and thunder storms, is 
believed to exert great influence on vegetation ; but 
though there certainly appears much .probability of the 
truth of this, it is as yet not proved by direct and 
unexceptionable experiments. 

704. When the young plants appear above the sur- 
face of the ground, their mode of growth is changed : 
they then require air and light, and being no longer 
preserved by the soil from the action of light, are imme- 
diately able to effect the decomposition of carbonic acid. 

705. The roots of a plant require little more than 
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moisture. The water which they obtain from the soil 
contains those saline and gaseous matters which the 
plants want, whilst the leaves require ‘n addition to these 
matters the influence light { and all these they obtain 
by growing up into the air. 

706. When plants are shaded from the light, or 
covered up, either artificially or by the leaves of sur- 
rounding plants, the action of light is impeded, and 
tnoy are unable to Afect the proper decomposition of 
carbonic acid. Every one knows that under these cir- 
cumstances, plants become unhealthy and send up long 
weak shoots, endeavouring to reach the light, and to 
place their leaves in a situation where they will be 
exposed to its influence. 

707. The existence of most plants may be divided 
into four periods : firstly, germination, or the develop- 
ment of the young plant from the embryo ; secondly, the 
growth of the plant to maturity; thirdly, blossoming, 
and the formation of seed or reproductive parts ; and, 
fourthly, decay, or a cessation of vitality, and consequent 
decomposition of the organic structure. 

708. In each of these four periods different chemical 
changes are going on, and therefore different conditions 
are requisite for the perfection of those various processes. 
In the commencement, water, air, a certain degree of 
warmth, and the absence of light, appear nearly all that 
is required for the growth of the embiyo, which obtains 
food from the matters stored up in the seed, until it has 
so far increased in size as to have acquired roots and 
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ieares, and in other respects itaa become fitted to 
derive nourishment from external sources. 

f09. During the grovrth of tl^e perfect plant, it is 
obserredj that in addition to water and a certain degree 
of warmth, carbonic a 9 id, ammonia^ and certain earthy 
and Mdine substances, are required ; whilst light, which 
in tile 'first stage of its growth appears prejudicial, is now 
required to assist in those complicated chemical changes 
which are going on, when the cftnpound organic sub- 
stances, such as woody fibre, gum, starch, gluten, dz;c., are 
fbrmed in the organs of the plant by the combination of 
the elements of water, carbonic acf^and ammonia. 

710. Hence during the dayiJnH plants life ex- 
posed to the influence of light, the mmonic acid absorbed 
by them is decomposed, the carbon alone being retained 
in their structure, whilst the oxygen is given off, 

711. Daring the night, or when light is withdrawn, 
this process of decomposing carbonic acid and acquiring 
carbon goes on Tejdjjj^owl^ and accordingly some of the 
carbonic acid then awrb4fM>y the roots is given off again 
'Unchanged, by other parts of the surface of the plants, in 
place of undergoing decomposition. For plants are at all 
times receiving from the soil carbonic acid, which must 
necessarily enter their system with the water they absorb 
from the soil through their^roots ; but they can only derive 
nourishment frohi it when, in consequence of the influence 
of* light, they are able to effect its decomposition, and 
BO, by retainii^ the carbon, to increase the quantity of 
organic matto which they contain. 
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712. In the third stage of ihe hxi&tence of a plant, or 
during the formation of seed, the same general conditions 
are required which arc necessary during the boeon4 ; for 
the formation of seeds and fruit is governed by vpry nearly 
the same laws which regulate th^ production of leaves 
and woody fibre. Those causes which are moat influential 
in maintaining the healthy growth of the leaves, such as 
temperature, a due supply of food, and more especially 
light, are likewise the most important in the growth and 
perfection of tho seed. 

713. The principal chemical use of the leaves is to 
assist in the formation of the organic substances existing 
in plants, which they do bv exposing the crude juices to 
the action of light, and thus effecting those peculiar 
changes dependent on the combination of carbon, 
nitiogcn, hydrogen, and ovygen, under the influence 
of light, on which the growth and increase of plants 
depend. 

714. The organic substances thus formed in the leaves 
arc either stored up in the stem of the plant, or in other 
ways appropriated to its increase and perfection ; and in 
most cases but little of them remains in the Idavcs. The 
office of the fruit or seed-vessel is different ; for tliough, 
like the leaves, it is able to assist in tho production of 
organic matter, the substances so formed ore retained 
and stored up in itself, and the fruit of seed-vessel, not 
only returns nothing to the plant on which it grows, but 
in addition attracts to itself a large portion of the 
vegetable matter formed, by the combinatiojx of carbon, 
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oxjgen, and hjdrogeii, under the influence of light, in 
the leaves. 

715. Thus, whilst the leaves are continually adding 
new matter to a plant, the fruit, on the other hand, by 
absorbing that matter, checks Jbhe growth. Hence, also, 
the practice of pruning fruit-trees with a view to improve 
the fruit ; the young fruit thus gets an additional supply 
of organic matter, which would otherwise have gone to 
the formation of fresh leaves had not the branches been 
removed. It must not, however, be supposed that the 
formation of flowers and seeds is similar to the forma- 
tion of woody fibre, or leaves ; very different changes 
take place, but the same general conditions are required 
by plants in both cases. 

716. Flowers do not, like leaves, possess the power of 
decomposing carbonic acid under the influence of light ; 
on the contrary, flowers appear at all times to give out 

' carbonic acid. From this it is evident, that tliey must 
consist principally of substances containing in proportion 
less carbon than the ordinary proximate principles, such 
as gum and lignin. There is a common belief that 
plants in blossom deteriorate the air, and, therefore, that 
their presence in bedrooms is highly objectionable. It 
is true that flowers generate carbonic acid ; but it is 
probable that the evil effects occasionally produced by 
flowers in sleeping-rooms, are occasioned by a minute 
quantity of volatile oil, to the presence of which the smell 
of flowers is tube attributed ; and many of which, even in 
very small quantities, act powerfully on the animal system. 
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717. When fruits are first formed, they act very like 

loaves ; they absorb food from the air, and under the 
influence of light form organic matter, whilst at the same 
time they collect and appropriate much organic 

matter generated by the snrroir ding loaf^gfc At this 
period of their growth fruits have very litthnH[Bte, and 
in composition they somewhat resemble leav^; when 
they have attained a certain size, they undergo) a new 
change and ripen, during which they acquire atRweet, 
or slightly acid taste. 

718. In the first stage of the ripening of fnnt, acid 
matter is generated, in consequence, apparently, of the 
conversion of some of the tasteless constituents of the 
fiiiit into malic, tartaric, and other organic acids. 
During the second period of ripening, the greater part 
of those acids is convcited into sugar, and a portion 
of colouiiiig matter is at the same time formed. 
The formation of sugar and colouring matter takes 
place <iuite independent of the plant ; for fruits may 
be lipencd after removal from the plant ^bich produced 
them. 

710. In the first period of vegetation, when a seed 
has been placed in the conditions requisite to germina- 
tion, the embryo plant has no power of obtaining food 
for itself, either from the air or tlie soil ; it is entirely 
dependent on the seed for a supply of those mattois 
which are necessary to its growth. A seed, then, is a 
magazine, or sto^ c of food, prepared for the use of the 
young plant ; and accordingly a large quantity of the 

r2 
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matters secreted by a plant, are necessarily employed in 
the formation of seed. 

720. In the case of all plants which shed their leaves 
annually, abthe end of the season buds are formed. In 
some respect's these resemble seeds; they consist of 
growing* points, surrounded by small scales, which in 
time would develope into branches and leaves ; but they 
are closely wrapped up in several layers of a brown 
scaly matter, which protects them during the winter 
from the action of cold and other injurious influences. 

721. When spring comes on and the weather is 
milder, the buds undergo a chemical change a good deal 
resembling germination. It frequently happehs that the 
buds open before the winter is really over, or that there 
is a return of cold weather, which kills them and thus 
gives the tree a very material check. Buds may he 
formed at any time during the year; but they are, 
generally speaking, and of course with the exception of 
flower-buds, formed only at the end of the year,* and at 
the time when the leaves fall off. In cold and uncertain 
seasons it is common, however, to see two or even more 
sets of buds formed in the same year. 

722. There is a great distinction between organic and 
organised matter. The former term signifies, as has 
already been explained, sugar, starch, or similar com- 
pounds ; whilst by the latter name is meant the cellulai 
and fibrous parts of plants. The chemist may by aiti- 
ficial means readily make some forms of organic matter, 
and convert them into others; but he cannot make 
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organised matter ; tlie latter is a product of vital action, 
and has never been formed oy artificial means.* 

723. The first change efifected by plants, is to convert 
carbonic acid and water, under the influence of light, 
into starch and similar forms of oiganic matter ; the 
second operation is to form these substanSul^to the 
various cells and tubes which compose the sllHure of 
plants. The former is a purely chemical operant; the 
latter requires something more, namely, the exertjj|| of 
vital power. 

724. As starch, though it is very eadly convefttble 
into other substances under the influence of a ferment, is 
nevertheless one of the most stable of all the products • 
which a plant forms ; so it is also thal^one best fitted to 
solve as nutrition to a young plant and is the sub- 
stance always prepared in plants, to act as a store of 
nutriment for any future growth. Whenever a growing 
point or embryo is formed, a quantity of starch also is, at 
the same time, deposited 

725 Thus starch is found in all seeds and buds, as 
well in those which are formed on underground stems 
and tubers, as in those which are formed at the extre- 
mities of the branches. Whenever an embryo or point 
of growth begins to develope, the chemical action, in the 
first instance, is the same. The azotised matter begins 
to change, diastase or some similar substance is gene- 
rated ; this acts on the store of starch, and sugar and 
other soluble principles are formed. For this reason 
all kinds of tubers — such as potatoes, for example — 
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become sweet as soon as the eyes or buds begin to grow : 
it is an efiPect similar to the malting of grain. 

726. The embryo of a seed possesses vitality, but has 
no power, at first, of assimilating the elements of organic 
matter directly from the air; it is, therefore, able to 
convert starch, gluten, and other proximate principles, 
into organised matter, and consequently grows and in- 
creases in size, by feeding on the store of organic matter 
prepared for its use in the seed. 

727. The means provided to insure the reproduction 
of plants, are very various. In some plants, seed only is 
formed ; whilst in others we observe tubers or collections 

• of food, prepared and preserved in underground recep- 
tacles, for the nourishment of the young plants of the 
next season. 

728. Many plants,^ such as wheat, barley, beans, &c., 
form seeds which consist merely of an embryo, or growing 
body, surrounded with a supply of organjic food sufficient 
for the use of the young plant, until it ’fifts grown large 
enough to feed itself. The seeds of other plants are 
more complete, being surrounded with an additional 
quantity of organic matter, which, by decaying, insures 
to the roots and leaves of the yoimg plant, a due supply 
of gaseous food as soon as it is able to feed itself by those 
organs. 

729. The seeds of all plants which bear fruit, are of 
this kind. When a peach, for example, falls from the 
tree which produced it, the soft pulpy lhatter of the fruit 
soon decomposes, and by the time'ibl^t the seed begins 
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to germinate, the fruit is wholly converted into hUmus ^ 
hence the roots of the young plant are placed in a soil 
rich in carbonic acid, as soon as it is possible for them 
to absorb it. 

730. During the whole existencf' of a plant, from the 
formation of its first leaves till its death, it is constantly 
absorbing moisture from the soil through the roots, and 
Oh constantly parting with it by the leaves. The water 
thii^ collected from the soil, contains carbonic acid, 
ammonia, and such saline matters as are present in the 
soil. If the leaves of the plant are exposed to the action 
of light, the carbonic acid and ammonia are decomposed, 
together with a portion of the water, and organic matter 
is formed. 

731. During the night, or in the absence of light, this 
change takes place but imperfectly ; and hence, then, 
the water absorbed by the roots, which is still given off 
by the leaves, carries with it a considerable portion of 
the gaseous matter collected from tlic soil. 

732. The exact ofhco in the nutrition of plants, per- 
formed by the saline substances they absorb, is as yet 
but imperfectly known. Some plants appear to require 
particular substances, and it is known that certain sub- 
stances cannot be formed by plants, unless the soil 
contains particular saline matters. All plants contain 
more or less lime, as well as other bases, such as 
potash and soda ; these, of course, are never in the pure 
state, but combined either with organic or inorganic 
acids, or else with chlorine. Albumen, gluten, casein. 
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and fibrin, are always found to contain a small quantity 
of certain phosphates, particularly those of lime and 
magnesia ; hence these substances appear to be essential 
to the formation of those principles in plants. 

733. It is not known whether plants have any power 
of selection by their roots ; that is to say, whether they 
are able to absorb from the soil only those substances 
which they require, or whether they absorb all the 
soluble matters present in it. To a certain extent, they 
seem to have some power of selection, but at the same 
time they are very frequently injured by the absorption 
of poisonous matters from the soil. 

734. When the roots of a healthy young plant arc 
plunged into a vessel containing water, in which two 
different saline substances are dissolved in equal pro- 
portions, the plant will not take up both salts in similar 
quantity. If, after continuing this experiment some 
days, we then evaporate the remainder of the solution, 
we shall find that the plant has taken up the t>vo salts 
in very ditferent proportions ; perhaps half of the one 
salt has been absorbed, but only one-third of the other. 

735. The quantity of inorganic matter found in plants, 
is various at different periods of their growth. In general, 
young plants contain a larger proportion than old ones ; 
ami as seeds contain a supply of all that young plants 
require, a quantity of these salts is necessary for the 
ripening of seed ; hence plants require a large supply of 
inorganic matter from the soil, during the third period of 
their existence, or during the formation of seed. 
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73G. These are, in very general terms, thc^ISjenditions 
requisite to the growth of plants ; but thcr^ many 
special conditions appi^ojiriate to particular spdfi^es, and 
many important circumstancjes, which must not be over- 
looked in studying the chemistry or vegetation. The 
differences of climate, and thejjp influence on the growth 
.of plants, are not less remarkable than those of the 
soil itself ; and indeed the very same soil would possess 
i very different degree of fertility in different climates. 

737. In the hot moist regions of the tropics, plants 
grow with far more rapidity, and vegetation ip more 
vigorous, than in temperate regions. In tropical coun- 
tries, decay proceeds far more rapidly than it docs in 
oui own country ; carbonic acid and ammonia, the food 
of plants, are produced in greater quantity than here ; 
whilst, from the greater power of the sun, plants are 
able to assimilate more of those substances than they 
can in colder countries. 

738. The same circumstances which are favourable to 
the putrefaction of organic matters, arc likewise those 
which facilitate the decomposition of inorganic com- 
pounds in the soil (651). Consequently, in warm 
tropical climates, a more copious supply of the requisite 
earthy matters is continually being set free, ready to be 
absorbed by the plants ; proportionate, in fact, to the 
augmented vigour of the vegetation. 

739. Hence, in endeavouring to introduce into one 
country the plants of another, it is necessary to consider 
the conditions under which they naturally grow ; and 
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care must bo taken to imitate as closely as possible 
thoso conditionSi not merely as regards soil, but likewise 
in respect to temperature, moisture, and liglit. These, 
however, are practical matters into which it is unnecessary 
here to enter. 

740. In the last stage of the existence of a plant, oi 
when, either from excessive cold, disease, or merely old 
age, tiie vitality becomes extinct, all that curious series 
of changes by which organic matters are generated under 
the influence of light in the cells of plants, ceases ; decay 
commences, the organic compounds of the plant begin to 
decompose, and their elements re-arrange themselves 
into simpler forms. The greater part of the hydrogen 
combines with oxygen, and is gradually given off in the 
state of water ; the nitrogen and hydrogen combine, and 
form ammonia ; whilst the carbon is slowly dissipated 
in the air in the state of carbonic acid, and at last little 
remains beside mould, or charcoal in combination with a 
small quantity of oxygen and hydrogen (673), and the 
insoluble earthy matters which the plant may have 
contained. 

741. A plant dies, when at the end of the season, it 
has passed through the various stages of its existence, 
fulfilled the office for which it was created and formed 
seeds or reproductive particles, which will insure a fresh 
growth of the same kind of plant next year ; after this, 
vitality gradually declines in energy, the formation of 
fresh organic matter ceases, and that already formed 
begins to decompose. 
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742* In following out the chemical changes which 
occur during the life of a plant, we find all throughout, 
that there is a constant struggle going on between vital 
force and the ordinary chemical affinities of the elements 
of vegetable matter. Th%inflnrnce of vital energy 
tends to form complex combinations, whilst the natural 
affinities of the oloinents tend to form simple ones. So 
long as the former is the more powerful, the plant grows 
and fiouribhes ; as soon, however, as the latter gets the 
upper hand, the plant withers and fades, — disease, and 
perhaps death, follow. 

743. Thib kind of struggle is well seen in the annual 
fall of the leaf. During the whole of the summer, whilst 
the vital energy is great, lignin, btarch, sugar, and other 
similar compounds, are formed in the leaves, and 
through their agency ; towards the close of the year, 
when they have fulfilled the objects for which they were 
formed, these effects cease, the vital power diminishes, 
and ordinary chemical agency gets the ascendant. The 
first effect of this is oxidation ; the leaves begin to 
absorb oxygen, their green colouring matter oxidises 
and becomes yellow, the leaves wither, fade, die, and 
fall off. But even then chemical power continues to act 
on them ; they remain subject to its influence till they 
are wholly decomposed, or nothing but a little mould 
remains. 

744. Disease is occasioned by many causes; but in- 
dependent of numerous minor sources, such as the attacks 
of insects, &c., the most important are deficiency of 
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light, deficiency of vital energy, and deficiency of heat ; 
any of these alone, or a combination of them, induces 
disease in plants, and often leads to death, by enabling 
the elements of organic matter to commence those 
changes which constitute decay and decomposition. 

745. As has already been observed, plants are con* 
stantly employed in preserving the purity of the atmo- 
sphere : they feed on the foul or vitiated air produced 
by respiration, combustion, and decay ; and their vigour 
and luxuriance are always in proportion to the impurity 
of the air. It must, however, be clearly understood, that 
there is a limit to the quantity of carbonic acid plants 
are able to decompose : an excess would kill' them ; 
whilst, if there were none of it in the air, they ^ could not 
live. The vegetation of the’ whole globe is juii enough 
to keep the air in a uniform state 'df purity (106, 123, 
710).. 
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OF MANUllES. 

746. When we remember, that although plants derive 
a large portion of their nourishment from the* air, yet 
at the same time they absorb considerable quantities of 
saline matters from the soil/ it is evident that all plants 
must more or less impoverish the soil, by taking away 
that which causes Its fertility. 

747. The natural vegotaticu of any country enriches 
ratlier than deteriorates the soil, because nothing is car- 
ried away from its surface ; the plants which grow on 
it, return to the soil, during their decay, all the earthy 
and saline substances which they had absorbed from it 
durijig their growth, whilst they add to it a considerable 
quantity of the carbon they had collected from the air. 

748. Very dilForcnt, however, is the condition of cul- 
tivated lands ; on them large crops, are raised year after 
year, which are removed and, carried away to a distance, 
to form the food of men and animals. Such land is 
gradually impoverished ; because with the crops a large 
quantity of inorganic matter, necessary to the fertility 
of the land, is removed. It remains for us to enquire, 
what are the best means of restoring these matters to 
the soil ; and likewise, in- how far is it possible to 
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increase the fertility of the soil, by augmenting the 
natural quantity of any of its constituents. 

749. In practice there are three courses adopted to 
maintain the fcHillty of the soil ; namely, fallowing, a 
rotation of crops, and the application of manure. 

750. In order to comprehend the effect produced by 
fallowing, it is necessary to remember the mode in which 
soil is formed. As has already been stated, soils consist 
principally of small fragments of different rocks and 
stones, which, from a variety of causes, have gradually 
crumbled down to powder. The sand or fine particles 
of stone in the soil are constantly decomposing (649) 
and adding to the soil, potash, soda, and very finely 
divided earthy matters ; it is from sources of this kind 
that most of the saline substances present in the soil, are 
derived. 

751. The soluble salts fOtoed in this manner, are 
dissolved by the rains, and Jn great part washed away 
from the surface ; a portioitj however, always, remains in 
the soil, and is absorbed by' plants. When 'a crop of 
some plant, requiring, fer example, a large quantity of 
potash, is raised in such a soil, it often happens that the 
crop takes away nearly all the soluble potash the soil 
contains ; and in consequence, it would be impossible 
to raise a second crop oi that plant on the same soil, 
as there would not bo ^th^h enough in it. 

' 752. If, however,vthe soil is left for somO time fallow, 
if no crop at all is raised on it^ the soil baa time to renew 
itself; by the action pf the air,* the fui*ther decomposK 
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tion of the silicates and other similar stony componncjs 
in the soil, is effected, and a fresh supply of potash is 
provided. 

753. The same end is obtained by a system of rotation. 
In place of sowing a second crop of the plant which, 
requires so much potash, some other plant is taken, 
which does not require potash, but which, requires other 
substances that the soil contains. 

754. In both these cases we restore, by the slow 
effects of the air, those substances which we remove 
with the first crop. In manuring, wo at olice add to the 
soil that which the plants require. 

755. Generally* speaking, wheat cannot be grown on 
the same land year after year, and accordingly various 
systems of rotation are adopted. It is probable, however, 
that as soon as we know what are the substances required 
by w'hcat and other crops, we shall at once know how 
to restore to the soil those substances which each crop 
removes, and thus be enabled to obtain crops of the 
same plant, for any number of years in succession, from 
the same soil. The labours of chemists are, however, 
hardly far enough advanced for this at present. 

75G. The period of time over which the rotation is 
made to extend, varies greatly in different countries and in 
different soils. The ordinary period in England is four 
or five years, but it is sometimes extended to nine, or 
even more. In the ordinary four or five course system, 
wheat is only grown once in four or five Vears, manure 
being given only once, at the commencement of the 



256 


SUBSOIL PLOUGHING. 


oourse, when a crop of turnips being grown, is fed off by 
sheep ; the land thus receiving a rich dressing of sheep’s 
dung (812). 

757. With respect to the natural sources of saline 
matters in the soil, it must be observed that, although 
their nature and quantity are in a great measure influenced 
by the composition of the subsoil, and stony substratum 
yet it frequently happens that, from 'want of mixture, 
the soil is deficient in some of thoso very substances 
which the subsoil is rich in; ftnd in consequence the 
soil becomes considerably finproved b^ mixture, or by 
spreading over the surAi;^e some of the dccomposii!f 
stones dug from below. 

758. We are apt to think that a soil must of necessity 
contain portions of those substances which enter into the 
composition of the substratum ; but this is by no means 
always the ease. Thus the surface-soil of a chalk district 
is not unfrequently nearly wholly destitute of calcareous or 
chalky matters ; and soils in such situations arc, there- 
fore, often improved by spreading lime over the surface. 

75U. It is consequently of high importance to know 
the nature and composition of the subsoil, as u ell «is the 
surface soil ; for by a judicious use of the foimer, the 
soil itself may frequently be very much improved, and 
probably some saving effected in the quantity of manm e 
required for the land. 

760. The system of subsoil ploughing, so successfully 
practised in niany parts of the country, is connected with 
this subject, and depends mainly upon the advantages 
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derived from admixture of the subsoil, with the surface. 
In this operation a plough Is employed to break up and 
pulverise the soil to a considerable depth below the sur- 
face, without bringing the soil so disturbed up to the top ; 
by this process the permeability of the soil to air is 
greatly increased, and in consequence, the subsoil is soon 
brought into a fit state to be mixed with the ordinayr 
soil, by the use of a suitable plough. 

761. Part of the benefit derived from this operation is 
doubtless due to the greater openness conferred upon the 
soil, which permits a more perfect access of air and 

loisturc, and allows the roots of the growing plants more 
asily to penetrate through it ; but at the same time, 
advantage is also derived from the ''greater supply df 
saline and soluble earthy matters which are thus made 
available for the use of the plants. 

762. A very great variety of different substances is 
included under the general name of manure. Some of the 
substances added to the soil act principally in a me- 
chanical way, improving, its texture ; others are chiefly 
valuable as sources of carbonic acid and ammonia ; whilst 
many arc useful as supplying saline and earthy matters 
in which the soil may be deficient. It would be easy to 
divide all manures into these three classes ; but it is 
more convenient to divide them simply into the organic, 
and the inorganic ; because many manures act in all these 
thiee ways at once, improving the texture of the soil, 
and supplying carbonic acid, ammonia, and saline matters. 

763. The Chinese, who are very economical of their 

s 
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manure, apply it in small quantities at several distinct 
periods to their plants, when they judge it to be wanted ; 
it may in fact be said that they manure their plants, 
whilst in Europe it is the custom to manure the soil ; 
this must of necessity bo the case, whore labour costs 
less than manure. 

^ 764. Organic manures may in general terms be de- 
scribed as consisting of any kind of organic matter in 
a state of decay or putrefaction. Sotting out with the 
knowledge that organic matter consists of carbon, oxygen, 
hydrogen, and nitrogen, it is not difficult to understand 
the changes produced by its decomposition. 

765. The complicated changes which organic matters 
undergo in decomposing, aro generally divided into four 
separate classes, namely Fermentation, or the formation 
of new compound substances, by the partial decompo- 
sition of a compound ; the change being induced, or 
commenced in consequence of the presence of some other 
decomposing matter : — Putrefaction, or the complete 
decomposition of organic matter and its conversion into 
different inorganic compounds, such as water, ammonia, 
carbonic acid, sulphuretted hydrogen, &c. : — Decay, a 
alow process of oxidation, almost analogous to combus- 
tion, differing from putrefaction in being dependent on 
the presence of free oxygon or air. This change is 
always accompanied by the evolution of heat : — Mould- 
dering, a bhange intermediate between putrefaction and 
decay, taking place in organic matters exposed to the 
action of water, but not to that of air. 
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766. Organic manures consist of mixtures of various 
organic substances in a state of putrefaction or decay. 
The more changeable substances at once enter into 
putrefaction, sometimes communicating their own state 
to those which are less chang^able^ sometimes only 
inducing decay in them ; thus, for example, urine soon 
putrefies by itself, and if mixed with straw, it gradually 
causes the latter to heat, and decay. 

767. Whilst describing the different varieties of organic 
matter, attention liadMsonstantly been drawn to the results 
produced by their putrefaction. It has been repeatedly 
stated that the substances formed by the putrefaction of 
organic matter are water, carbonic acid, and ammonia. 
The nature and rapidity of the change is however, 
greatly modified by circumstances. 

768. Organic matter containing nitrogen changes far 
more rapidly than that not containing this clement (350). 
It might have been supposed that under such circum- 
stances the nitrogen would be given off in a free and 
uncombined state ; it is therefore remarkable to find 
that, at the moment of escaping firom one compound, 
it enters into combination with another element. This 
fact is important, and deserves a little further considera- 
tion, for it is found that at the moment of separation, 
substances have a peculiar tendency to enter into fresh 
combinations. 

769. Substances in this state, or whilst being set at 
liberty by the decomposition of compounds which pre- 
viously contained them, are said to be in the nascent 

Q 2 
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state. It is always found that substances which have 
an affinity for each other, but under ordinary circum- 
stances cannot combine, are able to do so when in the 
nascent state. 

770. All attempts have failed to cause the combina- 
tion of a mixture of hydrogen and nitrogen gases ; but 
when these two substances are in the nascent state they 
combine readily, and ammonia is formed. 

771. The rapidity with which animal substances decay 
or putrefy depends on moisture, warmth, and air. It 
has been stated that substances of this kind may be pre- 
served a long time if diy ; water is necessary to their 
putrefaction. It is well known that meat may be pre- 
served fresh a long time if frozen, or kept at a tempe- 
rature below the freezing point of water, whilst, on the 
other hand, if kept in a warm place, it soon begins to 
change. 

772. The decomposition of moist animal matter may 
likewise bo accelerated by the mixture of potash, soda, 
or lime, <Sz;c., with it, under these circumstances nitric 
acid is formed (166), though all the ammonia formed at 
the same time is lost (152). It appears that the mixture 
of these bases assists in the formation of the acid, in con- 
sequence of the strong affinity which they have for it, 
and that therefore they increase the natural tendency 
which nitrogen has to separate from the carbon, oxygen, 
and hydrogen with which it is united in organic matter. 

773. Whilst animal matters are putrefying, they com- 
monly emit a very offensive smell : now, as neither water. 
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carbonic acid, ammonia, nor nitric acid can cause this, it 
is evident that some other substance must at the same 
time be formed. The fact is, that the nauseous odour 
given off under these cirqiliSVRnces is occasioned by the 
formation of suIphurc+ted‘^ydrogen (182). 

774. Sulphur and hydrogen, though hardly able to 
combine with each other under common circumstances 
when brought together, unite readily when the hydrogen 
is in that peculiar nascent state above adverted to. Thus, 
wlicn organic substances containing small quantities of 
hulphatos decay, a portion of the hydrogen, whilst set at 
liberty, combines with some of the sulphur contained in 
the sulphates, and sulphuretted hydrogen gas is formed. 

775. This gas is evolved in considerable quantity 
during the decomposition of nearly all animal substances, 
and likewise those vegetables, such as cabbage, &c., 
which contain both nitrogen and sulphur ; though its 
odour is not unfrequently almost overpowered by the 
strong pungent smell of the ammonia evolved at the 
same time. 

776. When such decomposing substances are exposed 
to tlic air, the sulphuretted hydrogen gas formed is dissi- 
pated, and carried away in the atmosphere ; but at the 
same time a large quantity of the ammonia also formed 
is lost, and this is of course highly objectionable. The 
value of these kinds of manure depends in great part on 
the quantity of nitrogen which they are able to supply to 
the plants ; and everything tending to assist in retaining 
that substance in the soil, and rendering it available to 
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the growth of plants, is advantageous ; whilst, on the 
other hand, everything increasing its loss, or dissipation 
in the air, lessens the value of the manure, and renders 
its application of less servicU 

777. Animal manures, to a slight degree, modify the 
mechanical texture of the soil ; though from their great 
proneness to decompose, the effects of this kind which 
they produce are comparatively transitory. Their principal 
value consists in the ammonia and carbonic acid, or nitric 
acid, which they yield, and the earthy and saline com- 
pounds which they contain. In addition to this, they are 
also of value by facilitating the decomposition of vege- 
table substances employed as manure (767). 

778. As perhaps the most useful part of these kinds 
of manure is the volatile substances formed during their 
putrefaction, great care should be taken to suffer as little 
as possible to escape, and be lost. It is probable that 
the best method of preserving the greater part of such 
manure is to dissolve it in water. The employment of 
liquid manure is gradually coming more and more into use, 
and the prejudices against its application are vanishing, as 
the beneficial results produced by its use become known. 

779. Organic manure is of comparatively little value 
in a chemical point of view, until it has undergone 
decomposition ; plants do not seem able to absorb and 
appropriate organic matter ; hence, in all cases, whether 
applied fresh or decomposed, it must undergo decay or 
putrefaction, before it can constitute food for plants. It 
appears further, that plants cannot absorb solid matter ; 
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it is consequently also requisite that these matters should 
be soluble in water, or capable of entering into the organs 
of plants in a fluid state. When water is added to 
organic manure in a state of decomposition, putrefaction 
is assisted, the escape of gases i'» diminished, and the 
useful part of the manure obtained in that form best suited 
to the wants of growing plants. 

780 When plants are growing very vigorously, and 
arc abundantly supplied with manure, it appears that they 
‘sometimes do absorb a small quantity of organic matter 
together with the inorganic products of putrefaction. 
Vegetables forced with abundance of strong animal 
manure, such as pigs’ dang, are frequently found to 
have acquired a had taste, from the presence of a minute 
quantity of some substance, which they have absorbed 
undccomposed, from the manure. 

781. The greatest attention should be paid to the 
modes of collecting, preserving, and economising animal 
manure. There can bo no doubt that a very large 
quantity of manure is constantly wasted under the old 
systems of using it, and the least consideration will 
convince any one of this. 

782 The food of plants consists principally of certain 
volatile or gaseous substances, produced, amongst other 
ways, by the decomposition of organic matter ; we add 
organic matters to the soil, to supply plants with more 
food than they could otherwise obtain. If, then, previous 
to using these substances as manure, they are exposed 
for some time to the air, sun, and rain, a considerahlo 
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portion of tlie volatilo products of putrefaction must be 
lost ; and yet this is constantly done. 

783. Manure should be carefully collected — none 
should be neglected or suffered to go to waste ; it should 
be preserved in proper receptacles, sheltered from the 
sun and rain, so that the volatile products of its decay 
may neither be lost by the heat of the former, nor washed 
away by the latter ; and lastly, by the action of water 
it should be softened, and as much as possible reduced 
to a fluid state, so that it may be easily and uniformly 
applied to the land. The formation of liquid manure 
tanks deserves the most serious attention of the farmer. 

784. In the application of those kinds of manure, it 
has to be remembered that although carbonic acid and 
ammonia are the principal food of plants, yet that there 
are limits to the quantity of these substances they can 
absorb, and that too great a supply of such food is not 
only useless, but objectionable, and even highly injurious. 
It is useless to give a plant abundance of carbonic acid 
and ammonia, if we do not at tho same time give it 
those earthy and saline substances which it requires (554). 
Even if both are supplied to plants, it is impossible for 
them to absorb more than a limited quantity. Excess 
does harm (745). 

785. As animal matter is either directly or indirectly 
formed from vegetable substances, it is natural to expect 
that animal substaqces must contain, in addition to tho 
four elements of organic matter (556), the same earthy 
substances whioh plants contain, and this is really the 
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fact (595). The phosphate and carbonate of lime of the 
bones is obtained from plants, and the alkaline and other 
salts found in the various parts of the animal body, arc 
derived from a similar source. 

786. The knowledge of this necessarily leads to 
the conclusion that all animal matter must be valuable 
as manure. The flesh and softe parts of animals, as 
well as the bones and other solids of the body, are com- 
posed of the same substances, both inorganic and organic, 
as plants ; and during their putrefaction yield them up 
again in a flt state to be absorbed by planes. 

787. The vegetable substances which constitute the 
food of animals, contain more earthy and saline matters 
than animals require, and they are accordingly passed 
from the body as oxcremontitious. The food of animals 
in groat part goes to supply the waste, occasioned by 
respiration. In this process carbonic acid is formed by 
the oxidation of carbon in the body by the oxygen of 
the air ; hence in the air expired from the lungs it is 
found that the oxygen is more or less combined with 
carbon, and converted into carbonic acid (107, 606). The 
heat evolved by the combination of this carbon with 
oxygen keeps up the warmth of the body. The waste 
of organic matter in the body thus occasioned, is supplied 
by food, the organic part of which supplies that con- 
sumed by respiration ; but as the greater part of the 
inorganic substances contained in food are not required 
for this purpose, the excess is voided in the solid and 
fluid excrements. 
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788. There are few things of greater value as manures, 
than these offensive and apparently useless substances, 
which consist of a mixture of organic and inorganic 
matters ; the former, in consequence of the nitrogen they 
always contain, ready to decompose and furnish carbonic 
acid and ammonia ; •the latter, those very substances 
which we require to add to the soil, being the very sub- 
stances which are removed with crops. In consequence 
of the volatile nature of the products of their decom- 
position, every means must be employed to prevent 
their loss. 

789. When animal substances are left for some time 
exposed to the air, they undergo decomposition, and there 
at last remains nothing but the more fixed substances 
which they contained, together with a quantity of salts of 
ammonia, formed during the decomposition of the easily 
putrcfiable matters. This residue is a valuable manure, 
though in forming it a very large portion of the ammonia 
produced, is lost by evaporation. The guano or huano 
of South America, which has of late excited so much 
attention, is the remains of the excrements of sea-fowl, 
which has partly undergone this change (813). 

790. There are other modes besides that already 
adverted to (162), whereby the loss of ammonia may be 
prevented. Both ammonia and its carbonate are volatile, 
and though by the addition of water It is easy to retard 
their escape, it cannot be entirely prevented. It has 
therefore been proposed to add to liquid manure a small 
quantity of some acid, which shall combine’ with the 
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ammonia to fgrm a neutral salt, and so prevent further 
loss from volatility. The trials which have hitherto 
been made appear perfectly satisfactory, and the only 
question is — which is the best method of thus neutralising 
or fixing it ? 

791. The simplest method of fixing ammonia is to 
add to the manure a small quantity of a weak solution 
of any acid ; but we may also fix it by the addition of 
any salt containing an acid united to a base by a loss 
affinity than the acid has for ammonia : when this is 
done, the salt is decomposed, the base is set free, and 
the acid combines with the ammonia. 

792. Ammonia may be fixed by the addition of a - 
small quantity of sulphuric, nitric, louriatic, phosphoric, 
or any other acid. Sulphuric is, generally speaking, the 
cheapest, and therefore the most convenient to employ ; 
the quantity to bo added ef course depends on the 
quantity of ammonia in the manure ; when enough acid 
has been used, all smell (153, 155) of ammonia disappears. 
A slight excess of acid does no harm, as it is certain to 
become neutralised by the bases always present in the 
soil. 

793. It not unfrequently happens that from^ local 
circumstances a large supply of some other acid liquors 
may be obtained, more particularly in the vicinity of 
manufactories ; all such substances^ may be used with 
advantage. The cpmparative value of the different salts 
of ammonia is as yet unknown ; perhaps the best acid, 
if it could be procured cheap enough, would be the phos- 
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phoric. Phosphate of ammonia Jforms a most valuable 
manure. 

794. Various salts have been proposed for the pur- 
pose of fixing ammonia ; amongst these the best appear 
to be gypsum or sulphate of lime (237), and copperas or 
green vitriol, the sulphate of iron (289). When cither of 
these salts is mixed with solutions containing ammonia 
in the state of a carbonate, both are decomposed, sulphate 
of ammonia is formed (159), and carbonate of lime or 
oxide of iron is left, as an insoluble powder. For several 
reasons, acid is preferable to fix ammonia ; it is more 
easily used, and requires far less care and attention in 
mixing with the solution containing ammonia. 

795. Animal substances must have undergone decom- 

position before they can serve as the food of plants. It 
has already been stated, that plants appear only able 
to absorb nitrogen in a state eff combination (640) ; no 
form of organic matter is suitable to the nourishment of 
a healthy plant. It is the office of the leaves to convert 
carbonic acid, ammonia, and water, into organic matter, 
and hence organic matter must be resolved by decom- 
position into those substances, before it can be absorbed 
by plants. ^ 

796. There are some plants, however, which seem to 
be exceptions to this rule, and which appear able to feed 
on organic substances. Certain fungi and parasitical 
plants, or those which grow upon others, probably feed 
by directly absorbing organic matter. The small fungi 
which constitute the various forms of mouldiness are of 
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this description ; they flourish in the dark, and grow on 
any kind of dead organised matter. All plants which 
have leaves, and require the influence of light, feed on 
gaseous matter, and never on organic compounds, except 
during the first period of their growth (719). 

797. Liquid manure, consisting chiefly of urine and 
other waste animal manures diluted with water, is never 
so valuable in its fresh state as it becomes after a time 
when the organic matter is chiefly converted into carbonic 
acid, water, ammonia, <kc. The time required for this 
change varies from four to eight weeks, or even more, 
according to the season of* the year ; putrefaction being 
much more rapid in hot than in cold weather. 

798. The substances containing nitrogen are those 
which first begin to undergo putrefaction, and accord- 
ingly ammonia is one of the earliest products of the 
putrefaction of liquid manure ; at this time much of the 
ammonia is in the caustic state, and hence it is not so fit 
for manure as it is subsequently, when combined with 
carbonic acid in the completely putrefied liquid. In con- 
sequence of the great volatility of caustic ammonia, much 
of it is lost by evaporation, in the early stage of putre- 
faction ; it is for this reason that close tanks for liquid 
manure arc so much recommended, and that the addition 
of fixers is found advantageous. 

799. Amongst the principal animal substances em- 
ployed as manures are urine, and dung of all kinds, the 
flesh and blood of dead animals, fat and oily matters, 
hair, wool, skin, and lastly horns, hoofs, and bones. 
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These substances are all more or less valuable, as yield- 
ing to the soil a large quantity of the substances *which 
constitute the food of plants ; they putrefy, and their 
elements form new combinations with great rapidity. 
Those which change most readily of course yield ammonia 
and carbonic acid most rapidly, and these constitute the 
most powerful manures: those which decompose more 
slowly are less powerful, but more lasting in their effects. 

800. Urine, dung, and the decomposing carcases of 
all animals are excellent manure ; they arc for many 
purposes considered to be too strong, and means are 
adopted to diminish their power. These manures evolve, 
during their rapid decay, a very large quantity of am- 
monia, carbonic acid, &c., far more in fact than plants 
require or can absorb. This excess is hurtful, and must 
be prevented. 

801. There are two ways by which this may be 
effected ; the one is to mix strong manure with a con- 
siderable ^quantity of some substance far less prone to 
decomposition, so as to dilute it, or check its putrefac- 
tion ; the other, and certainly infinitely the worse way, 
is to expose it to the air for some time, and not to use it 
until a great part of the ammonia evolved by its decom- 
position is dissipated, or combined with acids ; what 
remains is then sufficiently mild to be used with safety. 

802. In order to preserve ^ as much as possible the 
valuable parts of these m^ui^s, they shoiild be mixed 
with a certain quantity of vegetable refuse manures, such 
as sawdust, weeds, This addition tends to check 
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their too rapid decomposition, and prevents the great 
loss which ensues when manure putrefies too rapidly and 
becomes hot from the effects of its own decomposition ; 
and at the same time the vegetable matters added are 
gradually brought into a state which renders them also 
a most valuable addition to the soil. Farm-yard dung 
is a mixture of this kind. 

803. In mixing weeds witli strong animal manures, it 
must be borne in mind that their seeds are in many cases 
not destroyed, although all the rest of the plants may 
be completely decomposed. Rapid and active putrefac- 
tion will no doubt destroy the seed also, but this is not 
desirable ; because, when the manure ferments very 
strongly, it heats, and a considerable portion of volatile 
matter is sure to be lost. Many seeds have so hard a 
husk that they will not be at all injured by exposure to 
mere ordinary putrefaction, and retain therefore their 
vitality through the decomposition of the dung. Some 
seeds will even pass uninjured through the stomach of an 
animal, and not have their vital powers impaired even by 
the process of digestion. 

804. In most cases it is a waste of manure to burn 
weeds, and whenever it is practicable it is better to form 
them into dung by rotting them with other substances ; 
but when they are full of seeds, or it is not possible to 
destroy their vitality by so doing,, it is doubtless better 
economy to burn them than to run the risk of a fresh 
crop for the next season. 

805. As the hedges, banks, and ditches round the 
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manure-yard or mixen heaps are always sure to be well 
manured, and to get a good deal of the exhalations 
which are lost during the fermentation of the manure 
itself, so the weeds which grow in such situations are of 
course peculiarly luxuriant and abundant. The farmer 
should take particular care to destroy them, and never 
allow them to come to seed, in such situations. It is 
unnecessary to describe the bad effects produced by the 
abundant crops of weeds which too often are left to seed 
in the immediate vicinity of the manure-heaps. 

806*. A very bad custom, too, is often followed of 
leaving manure-heaps too long untouched, so that they 
become in fact covered with a mass of weedi^, which are 
left to flower and seed. The labour saved inenot turning 
over and trimming the heap, is not a tenth part of that 
required to remedy the evil done in thus rendering the 
laud fouL V 

807. One of the greatest obstacles to good farming is 
the practice of keeping wide and foul hedges ; they servo 
not merely as harbours for vermin, but as nurseries for 
weeds. The preservation of game is, in, fact, /the bane 
of the farmer; for his farm isjat least diminished in 
value by one half, from the various evils which are thus 
introduced. 

808. Those, however, who advocate the total removal 
of hedges certainly go too far ; for hedges are useful as 
shelter, and in other ways. A small and well-trimmed 
hedge, if constantly atten^^il^^to, does not, after all, 
require veiy much labour tn^kebp it in good order. 
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809. The extremely offensive odour of night-soil is a 
great obstacle to its collection and use as manure. In 
its fluid state the expense of conveying it to any distance 
is of course great, and accordingly various plans have 
been adopted to reduce it to tho solid form, both to 
diminish cost of conveyance, and also to admit of its 
being used with the drill ; in the*^e, however, a portion 
of the volatile constituents is generally lost, though what 
remains is undoubtedly a valuable manure. 

810. In the manufacture of some of the best of these 

“disinfected night-soils,” charcoal-powder, burnf clay, 
and other similar porous substances, are used to absorb 
the gases evolved (1G2). * 

811. The most economical mode of using^nlght-soil is, 
probably, to allow it to putrefy, diluted with water, and 
mixed with a considerable quantity of vegetable matter, 
and to employ it as liquid manure. Of course this 
cannot be done when it is intended subsequently to carry 
it to a distance. 

812. The dung of different animals varies considerably 
in its value as manure, depending, in great part, on the 
substances which constitute their food ; that of those 
which live on animal food, being of course richer in 
nitrogen, than that of vegetable feeders. The value of 
those kinds used as manure, are in the following order : 
— Pig’s dung, night-soil, sheep and rabbit’s dung, horse 
dung, and cow dung ; the first being that of most value. 

813. In manuring land by feeding off with sheep, not 
only does the land receive a large quantity of valuable 

T 
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manure from the dung, urine, and perspiration of the 
animals, but it likewise has its mechanical texture ma- 
terially modified by the constant treading of the sheep. 

814. Guano, the residue of the putrefaction of the 
excrement of sea fowl, consists chiefly of various salU of 
ammonia, inorganic compounds, and undecomposei$ pr- 
ganic matters, analogous in nature to horn and wool (848). 
The salts of ammonia dissolve easily in water, and; at 
once absorbed by plants, whilst the undecomposed organic 
matter, gradually undergoing decomposition, continues 
for some time to yield a regular supply of ammpiiln. In 
guano there exists all the chemical elements o^h excel- 
lent manure; but of coarse it doesitot produp^ the same 
mechanical effect on the soil, which yard durfg does. 

815. In using guano as liquid manure, it must be 
renlembered that the solution formed by pouring water 
over it, only contains the ammonia and about one quarter 
of the phosphates ; the rest ;0f the phosphates, and the 
organic flatter, being alqsost insoluble in water ; hence 
the residue is nearly as valuable a manure as that which 
is dissolved ; and in order to derive the whole benefit 
from the manure, the insoluble part must, by agitation 
or other means, be kept suspended in the liquid whilst it 
is being spread over the ground. 

816. Analogous in nature and value to these substances 
are dead fish, and the refuse matters left in curing and 
preserving fish ; sugar-reiinei's’ waste, which is a mixture 
of charcoal, blood, and the various organic matters con- 
taining nitrogen, which exist in crude sugar; and wool 
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soapi an abundant refuse from the wool mills, consisting 
of putrid urine, in which the wool is boiled to remove 
the grease which it naturally contains, and which is 
consequently rich in ammonia. 

817. Strong animal manures aie doubly valuable, for 
not only do they contain abundance of those matters 
which constitute the food of plants, but they also assist 
in rendering useful, materials which would without them 
1)0 of far less service. Whether these manures arc 
cmplo^md in the liquid or in the solid form, some means 
should be adopted to retain the ammonia, either by the 
addition of acids, or by some other method (788). 

818. These remarks aro far loss applicable to animal 
manures, such as fatty substances, horn, wool, bones, 
&c., which change but slowly. These substances for the 
most part act slowly and gradually, and in a very dif- 
ferent manner from the softer parts of animals. 

<S]9. In general, the strength of animal manures is in 
proportion to the quantity of nitrogen which ^hey con- 
tain ; those which contain much of that element decom- 
pose rapidly, and evolve a considerable quantity of 
ammonia; whilst those containing little or no nitrogen 
change slowly, and, though valuable, and perhaps more 
lasting in their effects as manures, are far less powerful 
for the time. 

820. Woollen rags, hair, feathers, clippings of horn and 
skin, greaves the refuse of the tallow meltcrs, the refuse 
of glue manufactories, and similar matters, form valuable 
manures ; because, though they do not decompose so 

t2 
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rapidly as other animal manures, they slowly and gra- 
dually decompose, and continue to give out ammonia, 
&c., for a very long time. 

821. The substances of this sort employed as manures 
are very numerous ; including as they do the refuse of 
all those processes of the arts in which animal matters 
are used, their value in all cases chiefly depends on their 
slowly decomposing, and affording a continual source of 
ammonia, &c. 

822. Although oil or fat of all kinds contains no 
nitrogen, and therefore exhibits very littlo tendency to 
change when pure, yet when mixed with earthi^the large 
surface which is exposed to the air assists in its decom- 
position, particularly if other animal ma^s also are 
present ; and it accordingly forms a valuable constituent 
of mixed manures. 

823. The dregs of oil, waste blubber, and refuse oils 
of all sorts, arc excellent manures ; soap likewise, in 
which oii or fat is combined with alkali, is used with 
advantage whenever it can be obtained at a moderate 
price. The waste soap of the wool factories has already 
been mentioned as of great value (816). 

834:. Tho water which runs to waste from many manu- 
factories in which soap is employed, might be used with 
great advantage for manure ; it often holds in solution a 
considerable quantity of valuable matter, and might be 
well employed in the formation of liquid manure. 

825. The drainage water of towns generally contain- 
ing, as it does, urine, refuse from the kitchens, soap, &c , 
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is an excellent manure ; the most valuable subBtancos 
which it contains, exist in a state of solution^ the mud 
which falls to the bottom when it is left to stand at rest, 
is comparatively speaking of little value. 

826. The last animal manure which it is necessary to 
speak of is bones, though as their chief value conSiats in 
th4||norganic matters which they contain, they might 
almost be classed amongst the inorganic manures. 

827. Bones consist of earthy matters together with 
a quantity of gelatine and fat ; the value of bones as a 
manure consists in their mechanical effect on the texture 
of the soil, the earthy substances which they supply 
(87G), the ammonia given out during the decay of the 
gelatine or glue, and the carbonic acid and hydrogen 
supplied by the fat (595). 

828. The quantity of putrefiablo matter in bones is 
small in proportion to their whole weight, and its decom> 
position is retarded by the large quantity of earthy matter 
they contain ; hence bones form a good and lastin^toanure. 

820. Boiled bones form a better manure than raw or 
green bones. This appears to be caused by the removal 
of fat by boiling ; the fat which bone contains retards 
the decomposition of the gelatine, and probably also renders 
the phosphate of lime less soluble than it is when the oil 
is removed. 

830. In stating that boiled bones form a better manure 
than raw or unboiled ones, it is of course evident that 
the operation of boiling cannot in any way increase the 
absolute quantity of manure which they can supply, but 
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merely renders them more rapid in their action ; as they 
become less lasting in their effects, in exact proportion to 
the rapidity of their action when first used. 

831. As phosphate of lime is insoluble in j)ure water, 
and but slightly soluble in water containing carbonic acid, 
and as the most valuable component of bone is phosphate 
of lime, we should be led to expect that they wi^ld 
form a lasting manure, producing a beneficial effect so 
long as any of the phosphate of lime remains unabsorbed. 
As the quantity of this substance which plants are able 
to obtain from bone in one season is comparatively small, 
it has been proposed to mix with bones some substance 
which shall render the phosphate of lime more soluble. 

832, The cheapest and most convenient substance for 
this purpose is sulphuric acid or oil of vitriol (179, 245) ; 
this forms with bones a compound called “ superphos- 
phate of lime,” one of the most valuable of the artificial 
manures yet proposed. 

833, Crushed bones, either burnt, or in the raw state (the 
former, however, being preferable), are mixed in a leaden 
vessel with sulphuric acid ; after a short time the acid is 
found to have completely decomposed the bones and re- 
duced them to the state of a moist solid, which however 
may be easdly rubbed to powder, and used in any way as 
manure, either alone, or mixed with dry soil. 

834. The efiect thus produced by the sulphuric acid is 
very simple ; burnt bones consist of phosphate and car- 
bonate of lime, the latter in a far smaller proportion than 
the former ; when sulphuric acid is poured over burnt 
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bones the carbonate of lime is wholly decomposed, being 
converted into gypsum or sulphate of lime (245) ; the 
phosphate of lime is partly decomposed, the sulphuric acid 
takes from it the greater part of the lime forming gypsum, 
whilst the rest of the lime being ‘?till combined with the 
phosphoric acid, constitutes a very sour and easily soluble 
a biphosphate or superphosphate of lime. 

*S35. As the most valuable part of this manure is 
soluble in water, it may easily be used as a liquid, being 
dissolved in water. Whether used dry or in solution, it 
is most advantageous to use with it some manure con- 
taining ammonia, such as yard dung, guano, or any of 
the strong animal manure.^. 

836. It is frequently the custom to mix a considerable 
quantity of earth or soil with putrefying animal manure. 
This to some extent is a good practice ; the earth added 
prevents too rapid putrefaction, and retains some of the 
products of decomposition ; a considerable quantity of 
ammonia, which would otherwise be lost, is absorbed by 
the soil (162). The addition of burnt clay or charcoal is 
useful for a similar reason. 

837. The use of lime, on the other hand, is decidedly 
objectionable ; it increases the rapidity of decomposition, 
and tends to the formation of a portion of nitric acid, but 
its use causes the loss of a large quantity of ammonia, in 
consequence of its power of decomposing all the salts of 
ammonia (152), combining with the acid which they 
contain, and expelling the ammonia in the state of gas. 
The addition of lime renders putrefaction a far less noisome 
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process, as the lime absorbs the sulphuretted hydrogen 
evolved (182), which would otherwise escape into the air. 

838. Wood ashes mixed with putrefying animal mat- 
ters act in a similar manner to lime ; the alkali which they 
generally contain frequently accelerates decomposition, 
but occasions loss of ammonia. 

839. A good deal of what has been said respecting 
animal manures is equally applicable to those of vegetable 
origin ; but in general the decay of vegetable manures is 
far less rapid than that of animal substances, and they arc 
more valuable for their mechanical eifects, and the car- 
bonic acid and saline matters which they supply ; whilst, 
in addition to those, animal manures yield ammonia j^ihe 
substance which is indispensable to the formation of 
gluten, albumen, hbrin and casein, the most important of 
the constituents of vegetables (602). 

840. The use of decaying vegetable matters has already 
been described whilst speaking of the nature of humus, 
and the organic constituents of the soil (667). A 
moderate quantity is very desirable, but too much is 
decidedly hurtful. 

841. A soil containing a very large quantity of humus 
or vegetable matter in a state of decay is always full of 
carbonic acid ; seeds do not germinate well in such a soil ; 
and the excess of carbonic acid is even hurtful to plants 
themselves (745). 

842. The principal vegetable substances employed as 
manure are straw of all kinds, leaves, saw-dust, bran, oil- 
cake, sea-weed, and green manures, or crops which are 
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merely sown to be ploughed in, and thus afi^ord food to a 
second crop, of some more valuable plant. 

843. All these manures when mixed with soil slowly 
decay, and yield carbonic acid and small quantities of 
saline and earthy matters. They ire most advantageously 
used when employed in combination with some kind of 
animal manure ; this is the case in farm>yard manure. 

844. Straw alone decays but slowly, but when mixed 
with the dung and urine of cattle, it soon begins to change, 
and in a short time the whole is brought into a sUte of 
decomposition (802). 

845. In this case, a sort of putrid fermentation is 
caused ; the animal manure decomposes rapidly, and 
causes a similar change to take place in the vegetable 
substances with which it is mixed (766); decomposition 
proceeds rapidly, heat is evolved, and if the bulk of the 
mixture is large, this action becomes so energetic that the 
\ralue of the manure is seriously injured, by the high 
temperature to which it is thus exposed. 

846. The decay of some vegetable manures may be 
facilitated by the addition of lime ; for the objection which 
applies to the mixture of lime with animal manures is not 
applicable to the ordinary vegetable manures. The latter 
for the most part contain but little nitrogen, their value 
principally depending'' on their mechanical action, and on 
the formation of carbonic acid. 

847. Vegetable manures decay more or less rapidly in 
proportion to the quantity of nitrogen which they contain ; 
green manures contain a notable quantity of gluten and 
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albumen, and accordingly decompose rapidly, whilst 
saw-dust, which consists principally of woody fibre, and 
contains hardly any nitrogen, decomposes slowly. Saw- 
dust is thcroforo a most excellent substance to mix with 
the excrement of animals, and other strong animal 
manures. 

848. Wood sawdust is valuable as manure in propor- 
tion to the facility with which it decomposes, and the 
inorganic matters which it contains ; that obtained from 
young trees decomposes with more facility than the saw- 
dust of old wood. 

849. The wood of those trees which contain much 
resinous matter decays less rapidly than other woods, 
and is therefore not so valuable as a constituent of mixed 
manures (802), Those woods which when burnt yield 
a largo quantity of ashes rich in alkaline salts (199), are 
useful additions in the state of sawdust to ’ manures rich 
in ammonia. 

850. There are a few manures of v(^table origin, which 
contain a considerable quantity of ^nitrogen, and which 
consequently approach very near inuiature to those formed 
of animal substances : such, for example, is yeast or barm ; 
this consists of matter rich in’^oiitrogen in a state of inci- 
pient putrefaction (366), a,xA is a very strong manure, 

851. So also is oilcake, tjio residue left after expressing 
the oil from seeds like lii))ieed, which are rich in oil ; it 
contains much gluten andralbumen, and is for that reason 
a strong and valuable 

852. Green manures, asJli^y are called, always contain 
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enough nitrogen to insure their own decomposition, though 
it goes on far slower than does that of animal manures ; 
the value of green manure is shown, in the ploughing up 
of an old pasture ; and oven more strongly in the case of 
those crops which are sown, m ^rely to be ploughed in, 
when they have formed a quantity of organic matter, 

853. Some plants decompose with far more readiness 
than others ; for the most part, water plants, both sea and 
land, decay less easily than land plants ; they notwith- 
standing arc useful manures. Seaweed employed alone, 
decays but slowly ; it is however valuable for its mecha- 
nical effects, and likewise for the alkali which it contain.^; 
it may be used with great advantage together with strong . 
animal manures (802). 

854. Green manures, which contain but little nitrogen, 
may also be used very advantageously together with urine 
and similar animal substances, which soon bring them 
into a state of decomposition. A similar effect is also 
produced by steeping these matters in the ammoniacal 
liquor of the gas-works (154, 886) ; the whole of the 
vegetable matter is soon reduced to a pasty decomposing 
mass, which is a very good manure. 

855. The dry and less changeable kinds of vegetable 
matter aVe chiefly valuable for their mechanical effects, 
the influence which they exert upon evaporation, and the 
inorganic matters which they contain ; they likewise may, 
however, be brought into a state of decomposition by the 
addition of animal matters (802). 

856. The number of inorganic substances employed 
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as manures is very great, t.nd their use is naturally much 
dependent on the nature of the soil. In many cases great 
benefit is derived from mixing soils ; either mixing a 
portion of the subsoil with the surface-soil (761), or 
by adding to the soil, earth brought from a distance, and 
possessing a different nature and composition. 

857. The earthy matters thus added to the soil can 
hardly be called manures, although in truth they consider- 
ably resemble manures in the mode in which they act. 
By draining, deep ploughing, mixing, and by the use of 
mineral manures, either the mechanical texture of the 
soil is improved, or substances are added to it in which 
it was previously deficient. 

858. It is a;lmost unnecessary to say anything respect- 
ing the importance of draining, and the change which it 
produces in too retentive soils, and in soils which from 
their position are naturally wet and swampy. The facts 
which have previously been stated, show that too much 
moisture in a soil is hurtful, preventing the free circulation 
of air throughout it, and inr several ways interfering 
with the healthy growth of piantss this is remedied by 
draining. 

859. By draining, and subiOH ploughing, the access 
of air is facilitated. Hind the' decomposition of silicates 
and similar stony compounds m the earth is assisted. In 
mixing, or by adding minera^^nures, we increase the 
quantity of certain inorganic dpenpononts of the soil. 

860. Amongst the modeivof fertilizing the soil and 
augmenting the growth of crops, the subject of irrigation 
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must not be omitted. The effects produced by flood- 
ing grass land are well known ; thoy depend on several 
distinct causes. 

8G1« Very dry parched land is therefore much improved 
by irrigation, when from the b^at of the climate the 
greater part of the natural moisture of the soil is evapo- 
rated ; under such circumstances, the artificial application 
of water is necessary for the successful cultivation of 
plants, and accordingly it is a constant practice in tropical 
countries, in the cultivation of rice and similar crops. 

862. Water is of service in temperate climates as a 
solvent of saline matters, as assisting the decay of organic 
matters in consequence of the air which it holds in solu- 
tion, as bringing saline substances which arc useful to 
plants, and as affording a supply of organic matter capable 
of affording ammonia, nitric acid, &c., by its subsequent 
decomposition. 

8G3. In flooding land, the saline substances contained 
throughout the soil, and formed by the decomposing 
agency of the atmosphere (651), are dissolved, and con- 
sequently brought into a condition fit for absorption by 
growing plants ; but quite independent of this, almost all 
water contains a considerable quantity of inorganic matter 
(76), which in many cases is a valuable addition. 

8G4. In those cases where drainage water is allowed 
to mix with that employed for irrigation, of course the 
organic matters and saline substances which the former 
contains, produce their effect in addition to that of the 
latter. The benefit is produced almost entirely by the 
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liquid, and tbe substances which it bolds in solution ; the 
fine mud which it leaves on the surface of the ground is 
of comparatively but little value. 

865. Eoad-drift and the scrapings of ditches, are often 
used as manures with very beneficial results ; their value 
of course depends in great part on their composition, and 
the nature of the soil to which they are applied ; the 
scrapings from roads made of stone, such as whinstone, 
are more valuable than those from grit or sandstone. 

866. This difference depends entirely on the alkaline 
matters, &€• which the whinstone contains ; but besides 
this, road scrapings are often rich in animal matters, 
derived from the dung and urine of cattle. Road-drift 
is seldom used alone, but forms an excellent addition to 
more concentrated ipanures, such as alkaline salts, guano, 
super-phosphate of lime, &c. 

867. The fine* mud deposited in stagnant waters, and 
on the banks of many rivers, is of value as manure, though 
by no means so valuable a substance as is frequently sup- 
posed ; its composition varies ‘considerably, and sometimes, 
particularly in the vicinity of largo towns, it contains a 
considerable quantity of animal matter, phosphoric acid 
and ammonia ; but, generally speaking, the most valuable 
part of the manure is carried away by the water (826). 
Even in those cases when it is rich in animal matters, 
its weight, and the heavy expense of carrying it to any 
distance, very seriously interfere with its use. 

868. The. mode in which many inoiganic matters act 
is very imperfectly understood, and must of necessity 
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remain so until the ofice performed by saline and earthy 
substances in the nutrition of plants is explained. It is, 
however, certain that the addition of an earthy substance 
to the soil is of no use, if the soil already contains abun- 
dance of that particular compound ; and consequently 
that the applicability of any such manures, is wholly 
dependent on the nature and composition of the soil. 

869. When reading accounts of experiments with 
various inorganic manures, it must always be borne in 
mind that on one soil salts of potash, on another nitrate 
of soda, and on a third phosphate of lime, may be the 
])cst manure, because the soil happens to be deficient 
in alkaline salts or phosphates. 

870. Plants almost invariably contain salts of the 
alkalies, and lime, or magnesia ; sometimes combined 
with organic aoids, sometimes with sulphuric, muriatic, 
or phosphoric acid. Phosphates of lime and magnesia, 
in j)articular, are very commonly met with in plants. 
It will be proper to enumerate briefly the artificial sources 
of these inorganic substances, and to consider the best 
method of supplying them to the soil. 

871. Lime is a very common ingredient in plants, and 
is also found in almost all fertile soils ; the addition of 
lime or calcareous matter, therefore, to soils which are 
destitute of it, or contain but very little, invariably im- 
proves them. Lime is added to the soil pure, in the 
form of quick and slaked lime ; as a carbonate in the 
various forms of chalk, limestone, marl, shell-sand ; 
as a sulphate in gypsum and plaster-stone ; and as a 
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phosphate, in bones, native phosphates, and the various 
organic manures already referred to. 

872. When quick lime is spread over the suiface of 
land, other effects are produced besides the mere addition 
of carbonate of lime. The quick lime soon absorbs 
moisture, and crumbles to powder, it then gradually 
absorbs carbonic acid from the air, and returns to the state 
of carbonate (235). The chalk which is thus formed, is in 
a state of very fide powder, and becomes more thoroughly 
mixed with the soil than it could bo by ordinary means ; 
but at the same time the quick lime has gicatly assisted 
in promoting the decomposition of inorganic and organic 
matters in the soil, and probably caused the formation of 
a small quantity of nitrate of lime, a salt of some value 
as a manure. 

873. Caustic lime possesses the power of gradually 
effecting the decomposition of earthy and alkaline silicates 
in the soil, combining with alumina and silica, and setting 
free the potash which they contain ; consequently one of 
the most important of the chemical effects produced by 
the action of lime upon the soil, is that of rendering use- 
ful a portion of the potash which it previously contained 
in an insoluble, and therefore useless state. 

874. There is great difference in the value of different 
kinds of lime for this purpose. All limestones which 
consist merely of carbonate of lime yield pure caustic lime 
when burnt (119), but many limestones contain a portion 
of carbonate of magnesia, and these when burnt yield a 
mixture of caustic lime and magnesia. Such lime is in 
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general objecti<maUe It k probable that the 

teihdenoy which ii^goe4||ji|i to remain caustic for a 
long time, absorbing but^slottly from the 

air, is the cause of this (248'}7^Ximest0nes which con- 
tain much alumina and 0 tidc 4 tfJ|(pcm, do not bum into 
good lime, because the lime anlpM^ parth unite and 
form a kind of slag. 

875. Chalk, shell-sand, ana maee|ttMWIO tnemselves, 
^vhicb consist of carbonate of lime a^^ small quantity 
of animal matter, are useful additipiis to all soils which 
contain but little lim^ Quick or caustic |ime is espe- 
cialiy useful in soils ri^ in humus. Soils of this kind 
generally contain a small quantity of dcid, which greatly 
interferes with their fertility ; this acid is neutralised by 
the addition of lime. Both lime and likewise its carbo- 
nate are valuable additions to soils containing sulphate 
of iron (289, 663). That sidt, which is hurtful to vegeta- 
tion, is decomposed by lime ; gypsum^is formed, whilst 
the iron remains as an oxide or carbonate. 

876. Sulphate of lime, or gypsum, is likewise a very 
useful additiou to all soib which do not naturally contain 
it. It is partly useful as supplying lime and sulphuric 
acid, and pardy as serving to fix ammonia from the air 
(794), and thus yielding plants more of that substance 
than they could otherwise obtmn. Gypsum is sometimes 
employed after b^ing burnt, and sometimes unbumt; the 
only use of the burning is that it renders it very easily 
crushed, the gypsum in fact falling to powder whmi 
burnt. This c^ratlou is rather roasting than bumiog, 
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chief Talue appears to consist in the charcoal and sul- 
phate of lime which they contain. 

882. Although charcoal has been spoken of as under- 
going no change whatever uudOr ordinary circumstances 
(90), and as having no tendency to oxidise or form car- 
bonic acid when exposed to the air, yet in some con- 
ditions when exposed to moisture, warmth, and air, the 
more porous kinds of charcoal do slowly and gradually 
form carbonic acid ; and this action appears to go on 
more rapidly, when charcoal is mixed with humus (672) 
and other decaying organic matters. 

883. Waste charcoal of all kinds is useful as manure, 
particularly in close and retentive soils ; hence it is often 
the custom to burn or char sawdust, brushwood, and dry 
vegetable rubbish : a mixture of ashes and charcoal is 
thus obtained, which is more valuable than that which is 
left when such matters are entirely burnt to ashes. For 
various purposes in the arts, such as the manufacture of 
gunpowder, that charcoal is best which contains the least 
quantity of Inorganic matter, but for manure it is just the 
reverse (162). 

884. In connexion with ashes, soot and the refuse 
of gas-works may be mentioned, although very different 
in tbeir nature. Soot consists principally of dncly- 
divided charcoal or carbon, but it contains a considerable 
quantity of salts of ammonU ; hence it is a powerful 
and valuable manure. If a little quicklime is mixed 
with^^t, the salts o£ ammonia wiU be decomposed, and 
the pnn^t amell of ammonia becomes evident. 
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For this reason, lime and soot should not he used together 
as manure * the objeotion of course does not apply to the 
use of chalk and soot 

88$. Soot contains a good deal of the ammonia formed 
during the combustion of coaI» but, in consequence 
of its volatility, a considerable portion is lost. In the 
process for making gas, wher^ coal i# roasted in close 
iron vessels, all the ammonia is saved, and is condensed 
by means of cold water. The gas is made to bubble 
through a quantity of water : this condenses the am- 
monia, and constitutes what is termed gas liquor, or the 
ammoniacal liquor of the gas-works. It is a solution 
of ammonia, partly caustic, and partly combined with 
catbonic acid and sulphuretted hydrogen (183). 

886. Ammoniacal liquor is a strong and excellent 
manure, resembling in some respects the manures fornmd 
by the decay of animal substances. As obtmned from 
the gas-works it is almost always too strong to be used 
as a manure for grass-lands or crops, and must be diluted 
with four or six times its bulk of water. Gas liq^ 
may also be conveniently used, mixed with gre^n vege- 
table manures, the decomposition of which it greatly 
facilitates (854). 

887. In consequence of the ^volatility and caustic 
nature of free ammonia, it is found advisable tor most 
purposes to ftx the ammonia of gas liquor. This nuty 
either be done with an acid, with gyptaxu, or sulj^atu^ 
of iron (792, 794) : a cheap acid like the Sulphuric is; 
generally speakingf the most eonvenleht. liquor 
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resemUes putrid urine, inasmuch as it is very rich iu 
^mtnonia ; but it differs from it in not containing the 
fixed alkaline and earthy salts which that manure does. 

888. As the strength of gas liquor mainly depends on 

the Salts of atnmonia which it contains, and as the rela- 
tite quantity of these salts varies considerably, it is diffi- 
cult to state the exact quanrity of any acid necessary to 
neutralise the ammonia ; the average quantity of strong 
sulphuric acid requisite for this purpose, is to 

25 lbs. for every 100 gallons of gas liquor ; a lit^||a^s8 
of acid hardly ever does any harm, as it immeoilllcly 
becomes neutralised by lime, Ac., in the soil. 

889. Potash and soda, as has been several times stated, 
are Very commonly found in plants, and consequently are 
important constituents of manure ; they both exist in most 
soils though present but in small quantity, and are gene- 
rally combined with silica and other earthy substances ; 

i these compounds are slowly and gradually decomposed by 
the carbonic acid of the air (651) ; their decomposition 
may be artificially assisted by the action of lime (873) ; 
the principal salts of the fixed alkalies used as manures 
are the carbonatee, muriate, nitrates and sulphates. 

890. The ashes of smfie plants contain a very large 

quantity of carbonate of potash; in fact^the potash of 
eUmmeree, the chidF source of the alkali, is the ash of 
trees ; wlffilst kelp, ihe tUsh of sea plants, consists bhiefly 
ofW^ate df isodfi#^ !lMth potashes and kelp are good 
miulhtreB in moasri^te but their value depends as 

ttttok em fh« Mrthy whkk ih^ cbniAin, on 





*tf6WA0T!t SALT. 


29$ 


891« Muriate of potash or«ohloride of potassium is^ 
sometimes uisiSd as a dressing for grass-land. The petre 
salt of the nitre-refiners contains large quantity of this 
Salt. It used formerly to be obtaified in large quantities 
by the 8oap-boilers» who mixed salt with their potash soap ; 
the salt was decomposed and a hard soda soap and chlo- 
ride of potassium in solution were the results. The soap- 
makers* spent lees were considered a valuable manure for 
grass-land, and were believed to destroy moss (524). 

892. Chloride of sodium or muriate of soda (common 
salt), is frequently recommended as a valuable manure; 
and in many soils, particularly those containing little 
chlorine, it produces very marked effects, when applied 
in moderation, It is by many stated, that cattle thrive 
better on plants which have been manured with a small 
quantity of common salt, thal^on those not so manured. 
Common salt is not unfrequently added to dung with a 
view of facilitating its putrefacUon ; it is very improbably 
that any such effect should be produced by salt, which in 
fact is more likely to retard decomposition. 

893. Common salt is sometimes recommended to he 
added to liquid manure for the purpose of fixing ammo- 
nia, because by particular processes, and by employing 
"very strong solutions, carbonate of ammonia and common 
salt may be made mutually to decompose each other ; 
undelr all ordinary circumstances, however, the two salts 
have no aqi&dn pn each others and it is quite usetess 
to add common salt to animal manures^ as a fixer for 
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4 894:, Salt is of course of no \ise as a manure X)n land 
near t(^e sea-coast, or exposed to winds loaded with the salt 
of sea spray. On other land it is frequently employed, 
either alone, of mixed with earth and lime; when used in 
the latter manner it is coinmon to make a compost, by 
mixing salt, earth and lime, some time before it is required, 
aed allowing the mixture to remain some time, sheltered 
from the rain, the whole being occasionally turned ; such 
a mixture contains a portion of carbonate of soda. 

895. When solutions of chloride of calcium (241) and 
carbonate of soda are mixed together, they are both 
decomposed, chloride of sodium (common salt) and car- 
bonate of lime (chalk) being produced. From this fact 
it is evident that undmr ordinary circumstances chalk 
and common salt cannot decompose each other ; never- 
theless, when chalk or lime is mixed with salt and moist 
earth a considerable quantity of carbonate of soda and 

mnnriatq of lime are produced, an effect which does not 
take {dace if a mixture of the two salts is thrown into a 
quantity of water, 

896. A mixture or compost of lime and salt is a good 
manure : it contmns carbonate of soda and chloride of 
calcium, both of 'which are useful to plants. It is 
possible that salt when applied to land is always more 
or less decOssposed in this manner, and that according 
to the axteut Ijo which,^ takes place, selt produces a 
benedcial effbejk 

8^7. Gomn^ salt is a addition to the sbU 

in the mdtivatioo ^ marine |dants, or snch as naturally 
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grow near the sea flh<yeii^ ^ i8 also frequently used to 
kill insects. For all these pufposes the most impuaait 
salt may be used : the imparities for the most part rather 
increase the ralue of the substance as manure (252). 

898. Nitraie of potash has long been used as a manure, 
being found to produce beneficial effects on most soils, in 
quantities from one to three hundred weight per acre. 
The exact nature of the ehemical effect produced by 
alkaline nitrates on plants is not accurately known ; but 
as both nitric acid and fixed alkali are separately vala- 
able as manure, or at least are found to assist vegetation, 
we might reasonably expect that the nitrates should be 
good manures ; it must always be remembered, however, 
that though they contain both nitrogen and alkali, they 
cannot well be used alone on ordinary soils, and are best 
employed in conjunction with some other substance 
containing phosphoric acid. 

899. A groat many rich and fertile soils are found to* 
oontmn a small quantity of nitrate of potash, soda, or 
lime, which appears to produce nearly the same effect as 
the salts of ammonia, rendering vegetation vigorous and 
dark-coloured. The way in which these salts are formed 
will be easily understood when we remember, that when- 
ever substances containing nitrogen decay in the neigh- 

-bpurhood of lime or alkaliiie set|s, a porticm of nitric 
acid is formed (166, 837). ITnd^ the^ oircumktances, 
the ammonia which would otherwise be produced, is 
oxidised, and hUHd acid and water are finrmed in place 
of ammonia; the acid combines with the alkali, and^ 
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nitrate of potash or soda results. These sdts are fre- 
quently found in mixtures of decomposing organic 
manures $ they are formed in the same way in the soil 
itself* 

900* The effects produced on different plants by alka- 
line nitrates are very various, to some they are far more 
beneficial than others* Some plants, such as the sun- 
flower, tobacco, lettuce, and many others, always contain 
more or less of these salts. Others do not confain them, 
but when supplied with nitrates, are subsequently found 
to contain the base, without the acid. The soda, potash, 
or lime, is combined with some organic acid, whilst the 
nitric acid has disappeared. It is probable that in 
these cases the nitrogen of the acid is assimilated by 
the plant, or that it assists in the formation of gluten 
and albumen. 

901. Nitrates can have but very little value as manures 
on the soils which naturally contain lalts’ of nitric acid, 
or which, in consequence of the substances they contain, 
are constantly forming nitrates. On soils neither con- 
taining nitrates nor other alkaline salts, they appear to 
produce very beneficial results. It has been found that 
wheat manured with alkaline nitrates, contains more 
l^uten Sod albumen than wheat grown in land not so 
manured. 

902* These remarks apply equally to nitrate of soda 
and nitrate oC potash $ at least similar effects w produced 
by the two salts, nt fisr os rq^fards the increased formation^ 

gluten and' albumen* Nitrate of soda cdntains weight 
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for weight more nitrogen than does the nitrate of potash. 
It is not known in how far soda is able to replace potash, 
or whether it is indifferent which of the two alkalies is 
supplied to plants. 

903. Silioates of potash and soda have also been pro- 
posed and partiallj employed aa manures. These salts 
are easily made by meltmg together sand and carbonate 
of potash or 'soda (262) ; it was supposed that *they 
would-be particularly valuable for corn and grass crops, 
as these plants contain a considerable quantity of silica, 
but the result of trials hitherto made with these com- 
pounds, %as been such as to render it probable that the 
silica which they contained produced much less effect 
than the alkali. It appears that ahnost all soils contain 
silica in a soluble form ; and consequently that plants 
are always able to obtain as much silica as they require, 
^om the soil, except in very rare eases. 
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CHAPTER IX. 

OOMPO^^mON OF PARTICULAR CROPS AtlQ MANURES. 

904. Plants differ considorably from each other in 
chemical composition ; not only do various plants consist 
of different proportions of the proximate elements which 
compose them, but also the same plant b found to 
contain variable proportions of these substances, depend- 
iog on the peculiarities of soil, situation, mode of cultiva- 
tion, manure, and the weather, or season when they were 
grown. In the following pages a brief account is given 
of the average mean composition of some of the principal 
plants which are cultivated as crops. 

d05. The first point to be ascertained is the relative 
proportion of water, organic matter, and inorganic matter 
in different plants. This is done by very carefully drying 
a weighed portion ; the loss which it sustains indicates 
the quantity of water. The dry matter is then burnt, the 
weight of the ashes shows the proportion of inorganic 
matter. The d^emical composition of the organic 
matter, as wA\ as th§ iporganio constituents, re<Jhires a 
separate analysis. 

906r The average composition of wheat, grain, and 
straw is-^ 



Oi^iic m^ter 


Grain. 

b66 

301 

Straw. 

835 

lumyanic iuter 

• 

17 

45 

jflSter , 


. 117 

120 


1000 1000 

907. According to Boussingault the ultimate com- 
position of some wheat which he imalysed was — 




Grain. 

Straw. 

Carbon . . . 

. 

. 461 

484 

Oxygen . * 

. 

. . 434 

389 

Hydrogen 

. 

58 

. 62 

Nitrogen . 

. 

. . 23 

3 

Inorganic matter 

• 

24 

70 

. 


1000 

1000 


908. The proportion of bran and flour obtained from 
wheat varies very considerably. The flour, as it is obtained 
from the mill, is usually separated by sifting into four 
paits, — namely, fine flour, which amounts to from 70 to 
80 per cent ; boxings, from 6 to 1 0 per cent. ; sharps, 
from 5 to 7 per cent. ; and 6 to 8 per cent, of bran. 
There is usually a loss of rathor more than 3 per cent. 
The bran always contains a considerable quantity of 
starch, soluble matters, &c. ; in the following analysis 
the term bran is used to^ denote the insoluble fibrous 
husk alone. 

HermWdUt* ' Vauqt/Kltn, 

Wheat. No Manure, Manure, Urine. French W. Odessa W. 


Starch 

666 

402 

710 • 

• 578 

Qlttten . 

95 

son 

110 

145 

Albumen . 

7 

14/ 



rnrried forward . • 768 


767 


820 


728 



802 


tr^AT. 


ipRl^lipravd « » 

7d3 

,767 

820 

723 

Sugar . a a" 

19 

^ 14. 

47 

85 

Gttm • a 

18 

16 

SB 

49 

Fixed oil . . 

HI 

10 


— 

Siduble phosphates 

F 

9 

— 

— 

Brail . 

140 

142 

— 

23 

Water . . . 

42 - 

42 

too 

120 


1000 

1000 

1000 

m 


909. *rhe inoi^mc substances contained in' 
are also found to vaiy greatly in composition 
portion from different sorts of wheat. Accor 
experiments of Sprengel, 100,000 parts 


contain 1777 parts of inorganic i 


^PPsame 

quantity of wheat atra# contains SJ 
niatterse Tbeoe consist of tbeijjmoi 

npiariiS of earthy 

H^^bstances: | 

• 



Straw. ^ 

Potash • a 

1 

1^5 

20 

Soda ... . 

p 

^40 

29 

Linio . • 


»® L 

240 

Magnesia « 

Alamfaa . . ^ 



.32 

90 

SUica .... 


*%. 

2870 

Sulphuric acid . 


m. 

37 

Phosphoric acid • 

S 


170 

^ Chloiine . • 


m 

30 


1777 

sm 


910. Aeoor^fog to a more reemt %nalysu by Way, a 
sample pf white wheat frmn Whitfield farm contained 
in 100,000 paijto, grain 1730, and in ^e straw 4680 
parts of inbrgankt UattelF. Bbqteion whdat' frpm Ae 
same plaee oontaine^’ gn^fo 1760, ui^ tho'Straw 
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4160, and in the chatf 10,360 parts of inorganic matter* 
10,000 parts of these ashes respectirelj consisted of — 



"WhUt WhetU. 

Hopeton Wh&a, 

* 

Grain. 

Straw. 

Grain. 

Straw. 

Bilica 

263 

7050 

329 

8710 

Pbosplioric arid . 

4744 

677 

4444 

705 

Sulphuric acid . 

— 

331 

trare 

559 

Lime . . . 

- 339 

355 

821 

444 

Magnesia . 

1405 

329 

967 

327 

Peroxide of iron 

67 

14 

8 

154 

Potash 

2991 

1276 

3214 

1003 

Soda . . . 

187 

68 

214 

85 


911. With such data it is easy roughly to calculate 
about the quantity of each substance taken off from the 
soil with a crop of wheat. Suppose, for ^sample, a crop 
of Hopeton wheat, consisting of 22 cwt. of grain, 30 of 
straw, and 15 of stubble and roots; the latter of course 

if 

remaining in the soil need not be reckoned. The grain, 
then, would contain about 43 lbs., and the straw (in- 
cluding 4-cut chaff) nearly 180 lbs. of inorganic matter; 
the former containing nearly 20 lbs. of phosphonc acid, 
14 lbs. of potash, I lb. of soda, and nearly 4i lbs. of 
magnesia. The inorganic matters in the straw would 
include about 120 lbs. of silica, 12| lbs. of phosphoric 
acid, 10 lbs. of sulphuric acid, 6 lbs. of magnesia, 18 lbs. 
of potash, and li lbs. of soda, removed from each acre. 

912. The composition of barley is about — 

Qrahi. 

Organic natter , « . « . . . 825 

Inerganio mutter ^ . ... . . 25 
Water' ‘ . 150 
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913. The proportion of the proximate elements of 
{parley, according to the experiments of Hermbst^t, is — 


Barley. 

Starcli 
Gluten . 

Albumen • 

Sugar . . , 

Gum 

Fixed nil 

Soluble phospbatea 
HuaV . 

Water 


No Manure. Manure>Urinp.% 



914. In the process of malting barley (412, 69(^*%b 
large quantity ^ starch, which Wte |^ain natarallj^^ilSl)^ 
tains, is couTerted into sugar and The following 

analyses by Frout show the relative proportions of these 
substances which he found in the^dw and in the malted 


grain. By Hordein is meant a peculiar kind of starch, 


which exists together wjlih 4i^inon starch in barley. 
Hordein is insoluble in hot titter, whilst common starch 
is readily soluble ^ 




Skilei 

Malt 

Starch 


. 320 

560 

Hordein 

, , 

. . 650 

120 

Oluten 

. 

30 

10 

Sugar . 


50 

150 

Gum 

. 

40 

150 

Remn ^ 

» . 

. . 10 

10 



, ^ 1000 

1000 


91$. According to t||C experiments of Sprengel, 
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100,000 parts of drj barley contain 2349, and 100,000 
parts of straw 5242 parts of inorganic matter, consisting 


of— 

Grain. 

Straw. 

Potash .... 

. 278 

180 

Soda . . . . , 

. 280 

48 

Lime .... 

. 106 

554, 

Magnesia • . . , 

.V 180 

76 ' 

Oxido of iron . . . « 

trace 

14 

Oxide of manganese 

— 

20 

Alumina .... 

25 

146 

Silica 

. 1182 

3856 

Sulphuric acid . 

59 

118 

Phosphoric acid • 

210 

160 

Clilorino .... 

19 

70 


2349 

5242 

if* ^ 

916. According to two analyses by Way, Chevalier 

barloy contains from 225 to 

243 parts of inorganic 

matter in 10,000 parts of the grain. 

10,000 parts of 

the ash consisted of — 




1. 

11. 

Silica .... 

. 8273 

2360 

Phosphoric acid 

. 3169 

2601 

Sulphuric acid . 

79 

272 

Limo . . . • . 

. 148 

279 

Magnesia .... 

. 745 

867 

Peroxide of iron 

. 51 

9 

Potash .... 

. 2077 

2743 

Soda .... 

. . 456 

5 

Chloride of sodium * 

— 

860 

917. Oats consist on the average of— 


Organic matter . 


. 872 

Inorganic matter 

ft 

. . 28 

Water . . . . 

s • 

. 100 



1000 * 



X 
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OATS* 


918, According to Boussingault, the grain of oats is 
composed of — 


Cai^n ...... 

Oxygen 32 

Hydrogen 

Nitrogen 

Inoiganic matter . , . . . 


919. The proportion of the proximate 
are (Hermbstadt) — 

NoManuiC. Manure, Urines 



Starch 

. . 600 

531 

Gluten . • 

. . 19 

44^ 

Albumen « 

2 

S'' 

Sugar . . . . 

* . 64 

so' 

Gum • 

70 

57 

Fixed oil • . . 

. . ;3 

4 

Soluble phosphates 


6 

Husk . . . . 

. . 120 

170 

Water . • 

. 108 

130 


920. According to Sprengel 100,000 parts of dry 
oats contain 2580, and 100,000 parts of straw 5740 
parts of inorganic matter, consisting of — 



Grain. 

Straw 

Potash .... 

. 150 

870 

Soda . • • V , 

. 132 

2 

Lime 

86 

152 

Magnesia .... 

67 

22 

Alumina .... 

14 

6 

Oxide of iron 

. 40 

2 

Oxide of moifgaiiese • 


2 

Silica . . . . k. 1 

. 1976 

4588 

CamedfonMtd . , 

. ilii 

£644 
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Grain. 

Straw 

Brought forward 

. . 2465 

seu 

Sulphuric Acid . 

. ^ . 35 

79 

Phosphoric acid 

. . 70 

12 

Chlorine . 

10 

5 


2580 

5740 

921. According to Wajt 

* % 

Hopeton oats contain 227, 

and potato oats 245 parts of inorganic matter in 10,000. 

The composition of the ash was in 10,000 parts — 


Hopeton oat 

. Potato oat. 

Silica 

. 3848 

5003 

Phosphoric acid 

. . 2646 

1887 

Sulphuric acid 

110 

10 

Lime .... 

354 

131 

Magnesia . 

733 

825 

Peroxide of iron 

. . 48 

27 

Potash 

. 1780 

1870 

Soda 

. . 384 

135 

Cliloiidc of sodium 

. * . 82 

7 

922. Rje consists on the average of-^ 


Oiganic matter 


888 

InoiganiG mattci 

. 

11 

Water 

. 

. 100 



1000 

923. According to Boussingault, the 

grain of rye 

consists of — 



Carbon 

... 

463 

Oxygesb • 

. 

442 

Hydro^n , 

. 

. 54 

Nitrogen , 

. 

17 

Inorganic matter « « 

. 

24 



1000 


x2 



. vnt. 


924. The proportion dt the proximate elements of rye 


IB (Hennbstadt) — 




No Manure. Manure, Urine. 

Starch 

. 563 

502 

Gluten 

. . »6 

120 

Albumen . 

26 

35 

Sugar . 

. . 47 

33 

Gum 

54 

46 

^ Fixed oil 

. . 9 

11 

Soluble phosphates 

13 

42 

Husk . 

. . 101 

108 

Water 

101 

103 


1000 

1000 

925. Acibording to* the expenments of 

Sprejofafp 

100,000 parts of the grain of 170 contain lOiOS^^Uid 

100,000 parts of straw coniain 2793 parts of 

matter, consisting of — 




Gram. 

I^W. 

Potash 1 

. 532 


Soda J 


1 11 

Lime . 

. . 122 

178 

Magnesia . 

44 . 

12 

Alumina 

. . 2411 

25 

Oxide of iron 

42 / 


Oxide of manganese 

• ?} • 34 


Silica 

. • \ 164 

2297 

Sulphuric acid 

. . 23 

170 

Phosphoric acid . 

46 

51 

Chlorine 

. * 9 

17 

r 

1940 

2793 

926. According to Way, the gt'ain ^rye contains 

136, and its straw 313 

parts of' inoj^nic 

matter in 
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10,000. The composition of the ash from 

the grain 

was — 


Silica 

922 

Phosphoric acid 

3992 

Sulphuric add 

17 

Lime 

261 

Magnesia .... . . 

1281 

Peroxide of iron . . • 

104 

Potash 

3383 

Soda 

39 

927. The grain of maize or Indian corn 

consists of 

about — 


Organic matter 

857 

Inoiganic matter 

13 

Water ....... 

130 


1000 

928. According to the experiments of Payen, dry 

maize contains — 


Starch 

712 

Gluten 1 

123 

Albumen / 


Fixed oil 

90 

Gum 

4 

Woody matter 

59 

Inorganic matter 

12 


1000 


929. Sprengel found in 100,000 parts of maize grain 
1312 ^arts of inorganic matter, and in 100,000 parts of 
maize straw 3985 parts of inorganic matter, consisting 
of— 
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Grun. 

Straw. 

Potasb 

. 200 

189 

Soda .... 

. . 250 

4 

Lime 

35 

652 

MagneBia 

. . 128 

236 

Alumina . 

16 

6 

Oxide of iron 

. . traces 

4 

Oxide of manganese . 

. . — 

20 

Silica .... 

. 434 

2708 

Sulphuric acid . 

. . 17 

106 

Phosphoric acid 

. . 224 

54 

Chlorine 

8 

6 


1312 

3985 

930. The grain of rice consists of about — 


Oiganic matter . 

• » * • 

856 

Inoiganic matter 

• 

4 

Water 

* 

140 



1000 

931. According to the analysis of Braconot, 

contains — 




Carolina. FiedmdU^ 

Starch 

. 863 

83/ 

Gluten 1 

Albumen J * 

. . 36 

4 

*^6 

Sugar 

. . 3 

OJ 

Gum .... 

... 7 

1 

Fixed oil . 

1 

2i- 

Jgurthy phosphates . 

Husk 

. 4 

48 

4 

4i 

Water .... 

. . 50 

70 


1000 

1000 


932. The more rec^t expc^rlments of Payen and 
Bottssingault^ howoyer, indicate a larger proportion of 
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albumen and gluten^s existing in rice ; these chemists 
found 75 in place of 36 of those substances. 

933. The dry grain of buckwheat consists of, according 
to Zenneck — 


Starch 


523 

Gluten 


107 

Sugar and gum 


. 83 

Fixed oil 

. 

4 

Husk 


269 

Inorganic matter . 


14 

1000 


934. From the experiments of Sprengel, it appears 
that 100,000 parts of the seed of buckwheat contain 


1354 parts of inorganic matter. 

100,000 parts of the 

dry straw contain 3203 parts, consisting of- 

- 


Seed* 

Straw 

Potash 

204 

332 

Soda 

330 

62 

Lime 

156 

704 

Magnesia • 

183 

1292 

Alumina 

26 

26 

Oxide of iron • . . 

8 

15 

Oxide of manganese 

44 

32 

Silica . 

114 

140 

Ghlonne 

15 

95 

Sulphunc acid 

47 

217 

Phosphoric acid • . • 

170 

388 


Tm 

820i 

935. The proportion of starch, 

& 0 ., in 

seeds which 


contain much oil, is, of course, considerably less than 
in the grtkins hitherto described. The following is an 
analysis of linseed by L. Meyer:— 
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LINSEED. 


Starch ........ 15 

Gluten .... ... 29 

Albumen ...... 28 

Azotued matter 151 

Gum . . Gl 

Sugar, &c 109 

Colouring matter 25 

Resin 25 

Wax 1 

Fixed oil 113 

Husk 443 


1000 

936. In this analysis the quantity of oil is considerably 
below the ^sual average (938). The large quantity 
of azotised matter which exists in linseed explains the 
value of oil-cake, both in fatteiiinff oattle and as a 
manure (854). From the experimonm of Sprengel, it^ 
appears that 1 00,000 parts of linseed contain 2340 parts ' 
of inorganic matter, and 100,000 parts of the stem con?* 
tain 1456 parts of inorganic matter, consisting of — 



Seed. 

Stalks. 

Potash 1 

m 

510 

Soda J ' ’ ’ 



Lime .... 

• • 

230 

Magnesia . 

. 234 

480 

Alumina 

. . 2 

2 

^xide of iron 

trace 

10 

vzide of manganese 

. . 


Silica . . 

. 120 

20^ 

Chlorine . . . 

. . 12 

n 

Sulphuric aeid . 

24 

68 

Phosphoric acid 

, . 880 

* - 

iia 


2340 

1456 
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937. Hemp-seed contains, according to Bucholz — 


Albumen 247 

Oum . 90 

Sugar 16 

Resin 16 

Woody fibre 50 

Fixed oil 191 

Husk 383 

Loss in analysis 7 


1000 

938. The proportion of oil yielded by different seeds 
varies greatly with the year, climate, soil, dec. The 
following table shows the average propytion of oil 
obtained from 100 parts of some of the moat important 


oil seeds: — 

Linseed 

22 

Almond 

. 30 to 40 

Poppy . . . 

47 to 50 

Beech nut 

. 15 to 17 

Walnut 

40 to 70 

Colza . 

30 

Hemp 

25 

Rocket . 

18 

Rape . 

33 

White mustard 

. 36 

Castoi . . 

50 to 60 

Black ditto . 

18 

Olives 

10 

Earth nut . 

45 

Sunflower . . 

15 

Gold of Pleasure 

. 27 

939. Common field beans, according to an 
Einhof, consist of (347)— 

analysis by 

Starch 

, , 

. . • . 

501 

Albumen and legnmine 

. . . . 

ll^fc 

Sugar 1 



82 

Gum J 

Husk 

. 

• • • • 

100 

Water 

. , 


156 

Salts and loM 

• 



44 

1000 
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940. Kidney beans were found by Braconot to con- 
sist of — 


Starch 

• 

. • 

430 

Legamine 

. 


. . 182 

Albumen 

. 


54 

Sugar 

. 

. 

. . 2 

Gum . 



15 

Fixed oil 


, 

. 7 

Husk . 

Water 

. 

• 

iiiS 

Salts and loss 

• - • 

• 





1000 


941. According to the experimdhts of Sprengel, 
100,000 parts of common beans contain 2136, and 
• 100,000 parts of bean straw Contain 3121 parts of 


inorganic matter, consisting of— 

Seed. 

Straw. 

Potash 

415 

1656 

Soda ...... 

816 

50 

Lime y . . . . 

165 

624 

Magnesia ... 

158 

209 

Alumina 

34 

10 

Oxide of iron . . , . . 


7 

Oxide of manganese 


5 

Silica . . ^ ' 

126 

220 

Sulphuric acid 

89 

34 

Phosphoric acid 

292 

226 

Chlorine 

41 

80 


2136 

3121 

942. Field beans, according to 

Way, 

contain 237 in 

the seed, and 497 parte of inoi^nic matter in 10,000 

of the straw. These ashes, analysed, 

were found to 


contain in 10,000 parts— 
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Beans. 

Bean straw. 

Silica 

42 

261 

PhosphoriQ acid 

. . 2872 

49 

Sulphuric acid 

305 

140 

Carbonic acid 

. . 342 

2532 

Lime 

. 520 

1985 

Magnesia 

690 

253 

Peroxide of iron . 

. trace 

61 

Potash . 

. . 6172 

3285 

Soda <* . 

54 

277 

Chloride of sodium 

. . . trace 

1154 

943. The composition 

of ripe peas, 

according 

Braconot, is — 



Water 


125 

Husk . 

.... 

88 

Albumen and legumine 

. 

. 264 

Starch 

. 

436 

Sugar . . . . 

. 

20 

Gum 

. . . 

40 

Fixed oil . 

... 

12 

Salts and loss . 

. 

20 



1000 


■* 

944. Feas consist of about 854 parts organic, 26 in- 
organic matter, and 120 parts water. According to 
Sprengel, 100,000 parts of peas contain 2464, and 
100,000 parts of pea straw contain 4971 parts of 
inorganic matter, consisting of — 



Seed. 

Straw. 

Potash .... 

810 

235 

Soda .... 

. . 739 

— 

Lime .... 

58 

2730 

Magnesia 

. . 136 

342 

Carried forward 

. . 
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LENTILS. 


Brought forward 

Seed. 

1743 

Straw. 

3307 

Alumina 

20 

60 

Oxide of iron 

10 

20 

Oxide of manganese . . 


7 

Silica ... 

410 

996 

Sulphuric acid . . . . 

53 

337 

Phosphoric acid .... 

190 

240 

Chlorine . . . . 

38 

4, 

2464 

945. White peas, according to Way, contaii^l97, and 

the straw 752 parts of inorganic matter in 1C 

IPO. The 

composition of 10,000 parts .jof this ash wa^ 

ti 


Pea. /k 

HjSA Straw. 

Silica 

176 4^ 

253 

Phosphoric acid . . . . 

2420/^^ 

131 

Sulphuric acid .... 

470y 

108 

Carbooic add 

318- 

3083 

Lime ..... 

69^ 

468S 

Magnesia . . . ^ . 

6 ($ 


Peroxide of iron A '0 

'25 


Potash . 

;/402 

► 

Soda 

— 

186 

Chloride of sodium ji 

823 V 

176 

946. Lentils, accMing to' an 

anal^is 

of Einhof, 

consist of — 

Starch 


. 282 

Albumen and legumiae • 

. . . 

331 

Gum 


51 

Sugar ..... 

. 

27 

Husk 


161 

Water 

. . . 

140 

Soltt and loss . » . 

. 

8 


1000 
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947. In the preceding analysis of lentils no mention is 
made of fixed oil. The following analysis, quoted by 
Boussingault, is therefore probably more correct : — 


Starch 

. 400 

Legumine 

. . 220. 

Gum . 

70 

Sugar .... 

. . 15 

Fibrous matter 

120 

Fixed oil 

. . 25 

Inorganic matter 

. 25 

Watci and loss 

. . 125 


1000 


948. According to Sprengel, 100,000 parts of lentils 
contain 1528, and 100,000 parts of lentil straw contain ' 
3899 parts of inorganic matter, consisting of — 



Seed. 

Straw 

Potash 

736 

420 

Soda 

118 

33 

Lime 

57 

2040 

Magneiia 

85 

119 

Alumina . 

121 

84 

Oxide of iron 

52 J 

Oxide of manganese 

. traces 

traces 

Silica 

180 

686 

Sulphuric acid 

94 

38 

Phosphoric acid 

140 

480 

Chlonne 

54 

49 


1528 

3899 


949. Common vetch, according to an analysis, by 
Cromo, is stated to contain — 
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FOUtOBS. 


Qtsitib 

26 

Albauen 

19 

Guni, &c 

76 

Woody fibre 

104 

Water 

775 


1000 


950. According to Sprengel, 100,000 parts of vetch 
seed contain 6101, and 100,000 parts of vetch straw 
contain 2290 parts of inorganic matter, consisting of — 



Grain 

Straw 

Potash 

807 

1810 

Soda 

622 

52 

Lime 

160 

1955 

Magnesia 

142 

324 

Alumina 

22 

15 

Oxide of iron 

9 

9 

Oxide of manganese 

5 

8 

Silica 

200 

442 

Sulphunc acid 


122 

Phosphonc acid 

^40 

280 

Chlorine 

43 

84 



— 


2290 

5101 


951 . A great number of different analyses of pip^ioes 
have been published, as the varieties of the tujD^t^are 
found to contain very different proportions of J(^ch, 
azotised matter, dec. The ultimate compositioj||^of dry 
potato is (Boussingault): — 


Carbon 


*?uo- 

Oi^gen . . « , 



Hydrogen . 

, , 

it 

Nitrogen 



Inoiganie matter . , 
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952. According to the experiments of Einhof and 
Lampadius, potatoes contain : — 



Rod. 

Kidney 

Sweet. 

Peiu\.an. Bread-fr 

Stftich 

. 150 

01 

1.. 

150 

138 

Albumen, &c 

. 14 

8 

8 

19 

20 

Gum, &c. 

. 41 

— 

— 

19 

28 

Staichy fibre 

. 70 

88 

82 

52 

69 

Watei 

. 750 

818 

743 

760 

745 


1000 

1000 

1000 

1000 

1000 


053. The composition of good potatoes varies from 
about 10 to 25 starch, 3 to 8 fibre, 2 to 4 gum, 1 to 2 
azotiscd matters (albumen, &c.) and 70 to 80 parts of 
water per cent. 

954. According to Sprcngel, 100,000 parts of dry 
potato tuber contain 2653 parts ; and 100,000 of potato 
haulm, 4786 parts of inorganic matter, consisting of — 



Tubers 

Haulm 

Potfish 

1291 

138 

Soda 

748 

» 0(9) 

l.ioie 

106 

2928 

Magneei i 

104 

488 

Alumina 

16 

52 

Oxide of iron 

9 

58 

Oxide of mangaiitse 

trace 

44 

Silica 

•27 

801 

Sul pb line acid 

174 

245 

PhoBphonc acid 

128 

32 

Chloiino 

50 

0(9) 


2653 

4786 

955. The batatas or 

sweet potato of 

the West India 


Islands, contains, according to 0. Heufy — 
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AHTICHOKB. 


Starch 133 


Albumen 
Sugar . 

Cellular matter 
t^zed oil 

Malic acid, and salts 
Water 


956. The ultimate composition 
stem of the Jerusalem artichoke, aj 
gault, ii 



9 
33 
68 
11 
14 
732 


tubers qnd 
to Boussin- 


. is — 

W7- ' 

B. Irifeir- 

. i 488 

Stem. 

Carbon 

467 

Oxjgan 


457 

H>drogeii . 

54 

Nitrogen *«. 

. . . . 

4 

Inorganic matter 

. . . 

28 



1000 


957. The tubers, according to the analysis of Braconot, 
contain a pectiliar variety of starch, to which the uame of 
Inulin fa'^giveo. , The tubers were found to contain — 


$tarcb (Inulin) 


30 

Albumen 

, 

10 

Sugar, uncrystallisSll/fe 


148 

Gum 

. 

12 

Fixed oil . 


1 

Woody fibre 

. 

12 

Inorganic matter . 

. ^ . 

17 

Water .... 

. 

770 


1000 

958. Jerusalem artichoke/ according to Way, con - 
tains in the tubers 179 parts, in the stem 194, and in 
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the leaves 1500 parts of inorganic matter per 10,000. 
These three ashes contained respectively in 10,000 
parts — 



Tuber 

Stems 

Leases 

Silica 

150 

151 

1725 

Phos-phonc acid 

1699 

297 

61 

SiilpliiiiK acid 

377 

323 

221 

C irbonic acid 

1180 

2)40 

2431 

Lime 

3.34 

2031 

4015 

MogiusiT, 

130 

191 

105 

Pciovidc of iron 

45 

88 

114 

P(>tl«s1i 

5)80 

3840 

681 

Soda 

— 

60 

372 

Chloride of sodium 

— 

468 

182 

Chloiidt of potassium 

488 

— 

- 


950. The bulbs of the Oralis crenata were fohnd by 
Payen to contain — 


Starr li 

2> 

Albumen 

15 

Cium, &c 

55 

Wood^ fibie 

44 

Water 

861 


1000 


960. Common cabbage consists of about 62 parts of 
organic matter, 7 of inorganic matter, and 931 parts of 
water. Accoiding to Sprengel, 100,000 parts of dry 
cabbage contain 7546 parts of inorganic matter, con- 
'^isting of — 

Potash 2370 

Soda 1154 

Limo 1747 


Carried forward 
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TUBNIPS. 


Brought forward • 

. 5271 

Magnesia .... 

. . 22 

Alumina . . . . 

17 

Oxide of iron . 

. . 8 

Silica 

. 210 

Sulphuric acid .... 

. . 959 

Phosphoric acid 

. 785 

Chlorine 

. . 274 


7546 


961. The composition of turnips and Swedes is very 
similar ; they consist of ithe same proximate elements 
united in nearly the same proportions. The following 
table shows the composition of three varieties j^ording 


to Hermbstadt: — 

Swede. 

White. 

Cabbage. 

Starch and fibre . 

53 

72 

60 

Albumen 

. 20 

25 

25 

Sugar . 

90 

80 

90 

Gum 

30 

25 

35 

Inorganic matter''^ 

5 

5 

5 

Water 

Loss 

800 

2 

'fLl 

780 

5 


1000 

1000 

1000 

962. Dry turnip, according to 
of — 

Boussingault, consists 

t 

Carbon 

, 

. 

. 429 

Oxygen . 

. 

. 

. 423 

Hydrogen . 

. 

. 

55 

Nitrogen 

. 

. 

17 

Inorganic matter . 

. 

. 

76 


1000 

963. According to the same chemist^ 100,000 parts of 



TURNIPS. 
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dry turnip contain 6226 parts of inorgftnic matter, 
consisting of — 


Potash 

. 2610 

Soda 

317 

Lime . 

844 

Magnesia 

833 

Alumina and oxide of iron 

93 

Silica 

496 

Sulphiinc acid 

844 

Phosphonc acid 

465 

Chloiiiie 

. 224 

6226 


964. According to two more recent analyses of Way, 
Skirving’s Swede containb in the bulb 76 and 88 parts 
inorganic matter, and 161 and 19^ in the top. The 
composition of these ashes was, per 10,000 parts — 


I. II. 


Silira 

Top 

411 

Bulb 

163 

Top 

111 

Bulb 

173 

Phosphoric acid 

654 

1251 

621 

1017 

Sulphunc at id 

650 

1126 

1220 

1553 

Carbonic and 

616 

954 

1297 

1196 

Lime 

2399 

1136 

3038 

1433 

Magnesia 

292 

244 

318 

327 

Pei oxide of lion 

190 

28 

66 

51 

Potash 

2063 

3616 

2079 

2688 

Soda 

— 

499 

— 

1331 

Chloride of sodium 

1769 

977 

1031 

219 

Chloride of potassium 

977 

— 

209 

— 


965. The same chemist found in the green-topped 
white turnip, in the tops 182, and in the bulb 50 parts 
of inorganic matter. The analysis of these ashes gave — 

Y 2 
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BEET. — ^MANGEL- WUBZEL. 



Top. 

Bulb. 

Silica 

205 

96 

Phosphoric acid 

. . 315 

765 

Sulphuric acid 

. 783 

1286 

Carbonic acid • 

. . 1464 

1482 

Lime 

2873 

673 

Magnesia 

. . 285 

226 

Perojside of i ion 

80 

66 

Potash .... 

. 1268 

4856 

Chloiide of sodium 

. 1067 

544 

Chloride of potassium 

. . 1656 

— 


966. Common beet and mangel-wurzel, also, arc very 
similar in composition. The following taMe shows the 
composition of four varieties : — 


Organic matter. Inorganic mattec. Watei 


Red mange Wurzel 

88 


' 901 

Castelnaudary beet 

139 

11 

850 

Wliite sugar beet 

120 

H \ 

8C.0 

Bassano beet 

. 115 

1^, 

* 873 

967. According to 

Boussingault, 

mi 

field beet 

consists of — 

% 



Cat bon 

. . 


428 

Ox}gen . 

. 


431 

Hjdrogen 

. ^ . 


58 

Nitrogen 



17 

Inorganic matter . 

. ' . 


63 


1000 

968. Accoj^ll^g to the ezpeijj^ntB of Sprengel, 
100,000 para of dry beet-root 5986 parts of 

inorganic matter, and 100,000j|fhrt8 of the dry leaves 
contain 15,439 parts, consistui^r^of— 
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Root. 

Leaves. 

Potash 

. 

1481 

5600 

Soda . . 

. 

. 3178 

3290 

liiine 

, 

. 285 

2316 

Magnesia 

, 

. . 139 

839 

Alumina . 

• 

20 

130 

Oxide of iron 


58 . 

50 

Oxide of manganese 

. 

50 

60 

Silica . 

. 

. . 105 

425 

Chlorine . 


. 380 

1064 

Sulphnnc acid 

. 

. 123 

975 

Phosphonr acid . 


. 167 

690 



5986 

15,439 


969. The yellow globe mangel-wurzel contains, ac- 
cording to Way, 102 parts of inorganic matter in the 
bulb, and 140 in its top. The long red contains in the 
bulb 64, and in the top 179 parts of inorganic matter in 
10,000. These ashes analysed* were found to contain 
respectively, in 10,000 parts — 



Yellow globe 

Long red 


Top. 

Bulb. 

Top. 

Bulb, 

Silica • 

235 

222 

226 

140 

Phosphoric acid 

589 

449 

519 

165 

Sulphuisc acid 

. 654 

368 

460 

314 

Carbonic acid 

692 

1814 

645 

ft23 

Lime 

. 872 

178 

817 

190 

Magnesia 

. 984 

175 

703 

179 

Peroxide of iron 

. 146 

74 

96 

52 

Potash 

, 834 

2354 

2790 

2168 

Soda 

. 1221 

1908 

301 

313 

Chloride of sodium 

. 3766 

2454 

3439 

4951 


970. The carrot, according to Hermbstlidt andEinhof, 
contains — 
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CARROT. 



Einhof. 

Hermbsthdt. 

Starch . . . . 

3 

, 

Fibre .... 

. . 46 

90 

Albumen . . . . 

9 

11 

Gum . . , , 

. , 

18 

Sugar . . . . 

81 

78 

Volatile oil . 

, . 

4 

Water . . , . 

. 861 

799 


1000 

1000 

971. According to Sprengel, 100,000 parts of dry 
carrot contain 5090 parts of inorganic matter. 100,000 

parts of the leaves contain 

10,420 parts, consisting 

of — 

Root. 

Leaves. 

Potash .... 

. 2718 

3236 

Soda 

. . 709 

921 

Lime . ... 

. 505 

5050 

Magnesia 

^ . 295 

398 

Alumina .... 

30 

78 

Oxide of iron . , 

. . 25 

15 

Oxide of manganese . , 

46 

0 

Silica • . • • . 

. . 105 

\ 454 

Chlorine . . « . 

. 54 


Sulphuric acid .t 

. . 208.^ 

^682 

T 063 

Phosphoric acid . 

. 395 ' " 

' 



50^^ 

10,420 


972. Two samples of white Be]giaii|m^tiTot» according 
to Way, contained respec^vely, in tlM)K>ot 77, and in 
the top 632 parts of in^iyc matte<i^nd 82 parts in 
the root, and 420 inorganjiioatter in 10,000 

part^of the top. Tl^|||l|^t|f5hes contJ|^dH- 
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1. 



II 


Top 

Root. 

Top. 

Root. 

Silica 

739 

76 

183 

110 

Phosphonc acid . • 

255 

837 

112 

786 

Sulphunc acid 

268 

634 

457 

695 

Carbonic acid . . 

1620 

1615 

2275 

1772 

Lime 

3498 

976 

2050 

826 

Magnesia . . . 

250 

378 

303 

320 

Peroxide of iron 

406 

74 

00 

166 

Potash 

728 

3755 

753 

2800 

Soda 

946 

1263 

1069 

1753 

Chlonde of sodium 

877 

491 

1714 

765 

• 

973. The parsnip consists of 

— 



Organic m itter 

, 



105 

Inorganic matter 

• 

• 

• 

12 

Water 

• 



793 


1000 


974. According to Crome, the parsnip contains — 

Starch . 

18 

Albumen 

21 

Gum 

61 

Sugar 

55 

Fibre 

51 

Volatile oil . • . 

trace 

Water , 

. 794 


1000 


975. From the experimentB of Sprengel, it appears 
that 100,000 parts of dr^ parsnip roots contain 4643 
parts of inorganic matter. 100,000 parts of the dry 
leaves contain 15,661 parts, consisting of — 
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Root. 

Leaves. 

Potash 

2310 

3207 

Soda . . 

780 

2448 

Lime ...... 

520 

4160 

Magnesia 

300 

473 

Alumina 

20 

132 

Oxide of iron *• . . . 

5 

9 

Oxide of manganese 

— 

— 

Silica 

180 

1400 

Chlorine ... 

198 

950 

Sulphuric acid . . . . 

213 

1198 

Phosphoric acid .... 

111 

1784 



!■ — > 


4643^ 

*• 16,661 

976. Clover, according to the analysis of Boussingault, 

consists of — 



Carbon 

> 

. 474 

Oxygen 


378 

H>drogcn 


50 

Nitrogen . . • f-f 

. 

21 

InoigaHic^matter . . ' . 


. 77 

• 


1000 

977. The composition of white 

and 

red clover, as 

given by Crome, is — 

White. 

Red. 

Starch ^ 

10 

14 

Albumen . . . % . 

16 

20 

Gum ... 1 i 

34 

35 

Sugar 

15 

2f 

Woody fibre 

US' 

139 

Wax and resin 

2 

1 

fearthy matter . 

8 

10 

Water ... 

800 

760 


1000 

1000 
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978. According to Sprengel, 100,000 parts of white 

clover in the fresh state contain 1735 parts of inorganic 

matter, consisting of — 



Potash . . 


590 

Soda . . 

. . . . 

no 

Lime . . 

. . 

446 

. Magnesia 


58 

Alumina • . 

• • • • 

36 

pxido of iron . 

. • . . . 

12 

Oxide of manganese 

. 

— 

Silica .... 

. 

280 

Chlorine 

.... 

40 

Sulphuric acid 


67 

Phosphoric acid 

. 

96 



1735 

979. According to Way, 

10,000 red clover contains 

695, and white clover 765 

parts of inorganic matter. 

These ashes analysed were found to contain- 



Red clover. White clover. 

Silica 

. . 334 

368 

Phosphoric acid 

. . 635 

1153 

Sulphuric acid 

. . 418 , 

721 

Carbonic acid 

. . 1603- 

1803 

Lime 

. 3539 

2641 

Magnesia 

. . 1122 

815 

' Peroxide of iron . 

. , 97 

196 

Potash . . . 

. . 1485 

1436 

Soda 

. .140 

372 

Chloride of potassium 

. . 236 

494 

Chloride of sodium . ' 

. . 296 

■ ■ 


980. The composition of Lucern, according to Crome, 


IS — 



330 


LTJCERN . — S AINTFOIN. 


Starch 

. • 

22 

Albumen 

. . • 

. . 19 

Gum . 

. 

44 

Sugar 

. 

. . 8 

Woody fibre. 

. 

. 143 

Wax and resin 


. . 6 

Earthy matter 

. 

8 

Water 


750 



1000 


981. According to Sprengel, 100,000 parts of fresh 
Lucem contain 2580 parts of inorganic matter, con- 
sisting of — 


Potash .... 

. 362 

Soda .... 

. . 1<6 

Lime 

. 1804 

Magnesia 

. . . . ' J94 

Alumina «... 

. / . ' 8 

Oxide of iron . 

. . r . 7 

Oxide of znanganeeD 

f 

jr. « “~- 

Silica . . . ' . 

. 7. * 

Chlorine .... 

86 

Sulphuric acid ’ 

. v • • 109 

Phosphoric aci<^ . 

. 353 


2580 


982. According to Sprengey^ 100,000 parts of fresh 
saintfoin or esparcetto contain 1671 parts of inorganic 
matter, consisting of — 


Botash 

Soda . ^ 

liimo • ** * 

Magnei!v\;. . 
Alumitf 

Carried forward 


. 


494 

105 

527 

69 

16 

traces 

1211 
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Brought fonivard 

. 

1211 

Oxide of manganese 

. 

— 

Silica * , 

. . . * 

120 

Chlorine 

.... 

38 

Sulphutic acid 

. 

82 

Phosphonc aad 

• • 

220 

1671 

983. Saintfoin in flower. 

according to Way, contains 

565 parts, and, in seed, 570 parts, of inorganic matter. 
These ashes consisted of — 

In flouer In seed. 

Silica 

. 322 

349 

Phospliont acid 

. . 935 

797 

Sulphuric acid 

. 328 

233 

Cmihonic acid . , 

. . 1520 

1736 

liimc . • 

. 2430 

2967 

M ignesia . « 

. 503 

459 

Pci oxide of iron . 

61 

58 

Pot ish ... 

. . 3190 

2961 

Soda .... 

. — 

125 

Chloiule of bodium • 

. . 78 

312 

Chloride ot potassium 

624 

— 

984. Hay. According to the experiments 

of Boussin- 

gault, 10,000 parts of good meadow hay contain 547 
parts of inoigaiiic matter, consisting of — 

Potash • 

. 

130 

Soda • . . 

• . . • 

10 

Lime .... 

. • 

107 

Magnesia 

. . . . 

43 

Oxide of iron 

• 

5 

Silica 

. . 

189 

Sulphuric acid 

. 

16 

Phosphoric acid 

. . 

32 

Chlorine 

* 

15 

647 
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985. 10,000 parts of Italian rye-grass in flower, 
according to Way, contain 616 parts, and, in seed, 556 
parts of inorganic matter. These ashes contained in 
10,000 parts — 



In flower. 

In seed. 

Silica .... 

. 5918 

6062 

Phosphoric acid 

. . 634 

632 

Sulphuric acid . 

. 282 

131 

Lime .... 

. . 995 

1229 

Magnesia .... 

. 223 

264 

Peroxide of iron 

. . 78 

30 

Potash 

. 1245 

1077 

Soda .... 

. . 398 

13 

Chloride of sodium 

227 

558 

986. As has been several 

times stated. 

the exact 


relative proportions of these difleretit constituents at 
plants vary very considerably, dcpoiiding on soil, 
climate, manure, &c. Thus, for example, mangel-wurzel 
root contains from 9 to 11 parts of inorganic matter in 
every 1000 parts ; or abstracting the water, from 87 
to 150 parts in the dry root ; hence it is easy to see 
that a crop of 25 tons may in truth take more inorganic 
matter out of the land than one of 30 tons ; and that 
the mere weight of the crop is no proof of the extent to 
which it has exhausted the soil. 

987* This effect is quite independent of the ihere 
quantity of water in the crop, because the same result 
is shown when* we ascertain the relation which exists 
between the inorganic matter and the diy organic matter 
which the planttil^ontain ; in different crops of mangel- 
wurzel it is fou^ that the quantity <iC dry organic matter 
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wLicli is foiined for every 100 parts of inorganic 
matter absorbed from tlie soil, varies from 568 to 
1045. 

988. It is consequently evident that, in order to 
raise tlio most profitable crops, we must endeavour to 
obtain the largest possible quantity of useful vegetable 
matter, with the smallest relative proportion of inorganic 
matter. This is a subject of the greatest practical import- 
ance, and one well worthy of the attention of scientific 
agriculturists. 

989. Having now briefly ptated the average com- 
position of some of the most important plants cultivated 
as crops, it may be useful to enter shortly into the 
composition of the most common substances employed 
as manure, in order more fully to show the relation 
which exists between plants and the manures employed 
in their cultivation. Of the simple animal manures the 
most important are dung, urine, and bones. 

990. The dung of sheep (according to Zierl) consists 
of 291 parts dry organic matter, 30 parts inorganic 
matter, aud G79 parts water. The earthy matters con- 
sist of about half silica, a quarter carbonate and phos- 
phate of lime, and the remainder alkaline salts. The 
urine of the sheep consists of 28 parts organic matter, 
12 parts inorganic matter, and 960 parts water, con- 
taining a portion of ammonia ; because even in fresh 
tirine a portion of the azotised matter which it contains, 
is generally beginning to decompose and form ammonia. 

'991. Fresh cow dung (according to Boussingault) con- 
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sists of 124 parts dry organic matter, 17 parts inorganic 
matter, and 859 parts waten The inorganic matter 
contains two-thirds of silica* nearly one-third of earthy 
phosphates, and a small quantity of alkaline salts. 
Cows’ urino consists of 53 parts dry organic matter, 
21 parts inorganic matter, and 926 parts water 
(Sprengel). 

992. The composition of cows’ urine, and the nature 
of the changes which it undergoes wh^n suffered to 
putrefy, either alone or diluted with water, are shown 
in the following table (Sprengel) : — 



Fresh. 

Putrefied. 

Alone. 

Putrefied. 
With water. 

Urea . 

. 4000 

1000 

600 

Albumen 

. . 10 

— s- 

— 

Mucus . • 

190 

40 

30 

Benzoic acid . 

. . 90 

250 

120 

Lactic acid . 

. 516 

500 

500 

Carbonic acid . 

. . 5256 

165 


Ammonia . 

. 205 

487 


Potash 

-564 

664 

.56 4 

Soda 

* 554 

551 

554 

Silica 

. / 36 

5 

’ 8 

Alumina 

2 

"TT, 

— 

Oxide of iron . 

. . 4 


— 

Oxide of manganese 

1 

— 

Lime 

. . 65 

2 

8 

Magnesia 

36 

’ 22 

30 

Chlorine 

. . 272 

m 

272 

Sulphuric acid 

. 405 

358 

332 

Phosphoric acid 

. . 70 

' 26 

46 

Acetic acid, or vinegar . 

• — 

1 

20 

Carried forward; * 

. 11 , 37 / 


5739 
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Fresh. 

Putrefied. 

Putrefied. 



Alone. 

With water. 

Brought forward 

11,376 

4377 

5739 

Sulphuretted hydrogen . * 

— 

1 

30 

Insoluble^ earthy phosphates'! 

180 

150 

and carbonates 

J 

Water . . . . . 

92,624 

95,442 

93,481 


100,000 

100,000 

100,000 

993. Fresh horse-dung 

consists 

, of 284 

parts dry 


organic matter^ 18 parts inorganic matter, and 698 parts 
water. Of the inorganic matter about one-ninth is 
carbonate and phosphate of lime, one-twelfth alkaline 
salts, and the remainder silica (Zierl). Horses’ urine 
consists of 27 parts dry organic matter, 33 parts inor- 
ganic matter, and 940 parts water. 

994. Fresh pigs’ dung, consisting of the excrement 
and urine together, contains 93 parts dry organic matter, 
87 parts inorganic matter, and 820 parts water. Pigs’ 
urine contains 56 parts dry organic matter, 18 parts 
inorganic matter, and 926 parts water (Sprcngel). The 
inorganic matters consist chiefly of alkaline salts. 

995. Human excrement (according to Berzelius) con- 
tains 227 parts diy- organic matter, 100 parts inorganic 
matter, and 733 parts water. Its constituents are — 


Albumen 9 

Extractive 27 

Mucus, fat, reain . . . • . • ' 140 

Bilo ........ 9 

Vegetable remains 70 

Soluble salts . . . 12 

Water 733 


1000 
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996. The inorganic matter contained in 1000 parts 
consequently weighs 150, and contains 100 parts earthy 
phospliates, 12 parts carbonate of soda^ 8 parts sulphate 
and phosphate of soda, and sulphate of potash. 

997. Human urine (according to Berzelius) consists 
of 49 parts dry organic matter, 7 parts salts of ammonia, 
11 parts inorganic matter, and 933 parts water. Its 
composition in detail is — 


Urea . . . 

. 3010 

Mucus . 

. ; . . . 32 

Lactic add, lactate of ammonia) ^ui^l matter 1 1714 

insoluble in alcohol . 

V . j 

Chloride of sodium . 

, . . . 445 

Sulphate of potash 

. . 371 

Sulphate of soda 

316 

Fliosphate of soda 

294 

* Phospliatc of ammonia 

165 

Muriate of ammonia . 

.... 150 

Earthy phosphates . 

100 

Uric acid . 

100 

Silica . . 

.■ . 3 

Water . 

. . . 93,300 


- 100,000 


998. The composition of bones varib$rbonsiderably in 
the proportion of the constituents, ,tKough all bones 
consist chiefly of phosphate and carbonate of lime, 
together with gelatine and a portion of fat. Sheep’s 
bones consist of about^ 

Phosphate of lime , . . . 560 

Carbonate of lime % . . . r. . . . WO' 
Organic matter , .. . . . 310 
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999. The bones of oxen and cows (according to Ber- 
zelius) contain : — 


Phosphate of lime 

. . 

. 573 

Pliosphate of magnesia . 

. 

. . 20 

Soda and chloride of sodium . 

. 

35 

Carbonate of lime 


. . 39 

Fluoride of calcium 


. trace 

Organic matter 

• 

. . 333 



1000 


1000. The bones of horses contain nearly the same 
proportion of phosphate of lime. They consist of : — 

Phosphate of lime ...... 546 

Carhonate of lime 113 

Salta ' . . 19 

Organic matter . . .... 322 

1000 

1001. The bones of pigs contain 520 parts of phos- 
phate of lime, 10 parts carbonate of lime, and 470 parts 
organic matter and water ; those of calves, 540 phos- 
phate of lime, and 460 animal matter and water. The 
bones of fishes, geueralJy speaking, contain less earthy 
matter than those of land animals. The bones of the 
codrfish contain 480 phosphate of lime, 55 carbonate 
of lime, 20 phosphate of magnesia, G salts of soda, and 
440 organic matter and water. 

1002. The composition of farm-yard dung, and all 
mixtures of animal and vegetable manures, is very 
variable. The following analysis of Boussingault may 

Z 
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be ’ considered as expressing very nearly the average 
composition of good yard-dung : — 


Carbon 

Fresh. 

. . 74 

Dry. 

358 

Hydrogen 

. . 9 

42 

Oxygen . . . 

53 

258 

Nitrogen 

. . 4 

20 

Inorganic matter • - 

67 

322 

Water . . . . 

. . 793 

— . 

1000 lOOO 

1003. The composition of the inorganic part of such 

manure, like that of the 

organic, varies 

considerably. 


The following shows the composition of 10,000 parts bf 
the inorganic matter in yard-dung (Eichardsonf 

^ •• S' - 'v 


Potash ..... 

. 322 

Soda . . . . ’ . 

. . 273 

Lime , . . * . . . 

. 34 

Magnesia . . V. 

i • 26 

Sulphuric acid . . ; • . ■ , 

327 

Chlorine . . . 

. . 315 

Soluble silica . . 

. 2705 

Phosphate of lime . . . . 

. . 711 

Phosphate of magnesia • 

•• 226 

Phosphate of iron . . 

.1 468 

Phosphate of manganese 

. . trace 

Phosphate of alumina (P) • 

. . trace 

Carbonate of lime . . . . 

. 934 

Carbonate of magnesia 

. , 163 

Sand . • . . 

. 3099 

Alkali and loss . 

. . 397 


10,000 


1004. The putrefied dung of birds has of late years 
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been much employed as manure, under the name of 
guano. The composition of this substance varies greatly, 
according to the extent to which decomposition has 
proceeded, and the degree to which it has been exposed 
to the atmosphere. The following table shows three 
different analyses of guano : — 



Bertels 

Oellacber. 

Ure. 

(Jiate of ammonia 

32 

122 

147 

Oxalate of ammonia . . 

134 

177 

32 

Ovalatc of lime 

164 

13 

10 

Phosphate of ammonia 

04 

60 

143 

Phosphate of ammonia and] 

1 42 

116 

45 

magnesia J 

Phosphate of lime . . 

I 

100 

202 

220 

Muiiate of ammonia . 

65 

22 

80 

Ghlonde of sodium . . , 

1 

4 

— 

Oaibonatc of ammonia . 

— 

8 

10 

Carbonate ot lime 

— 

If) 

— 

Sulphate of potash 

42 

40 

60 

Sulphate of soda . . . 

11 

49 

— 

Sulphate of aiiimouia . 

— 

— 

20 

Phosphate of sodi 

33 


— 

Huniiteof imiuonia 

— 

11 

— 

AVax and resm 

() 

7 

— 

Sand Insoluble leaidue 

58 

17 

12 

Alumina 

1 

— 

— 

Water . ] 

|- 227 


.85 

Oiganic matter . J 

193 

186 


.. 1 

I,-. 

■— ■■■ - 


1000 

1000 

1000 


1005. The value of guano as manure depends on the 
ammonia which it contains, or the presence of matter 
capable of forming ammonia by its slow putrefaction, 
and on the presence of phosphoric acid, manure is 

2 z 
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more subject to fraudulent adulteration than guano. 
One of the most common modes of doing this is by 
the addition of earth or brickdust. The presence of 
these substances may be roughly ascertained in guano 
by burning a portion. The ashes left by pure . guano 
are white, or nearly so ; while, if soil or brickdust has 
been added, the oicide of iron, which they always contain, 
will give the ashes more or less a red-brown colour^ 
1006. The composition of wood-ashes varies very 
considerably, according to the wood from which it is 
obtained. The composition of three kinds of wood-ashes, 
as given by Sprcngel, is : — 



Oak. 

Beech. 

Scotch fir. 

Potash 

. 162 

22r 

22 

Soda . . . . 

67 

33 

22 

Lime .... 

, 174 

250 

232 

Magnesia 

14 

50 

50 

Alumina 

•1 

f23i 


Oxide of iron . 

.1 61 


170 

Oxide of manganese 

J 

LsbJ 


Silica . . . . 

. 269 

55 

66 

Chlorine 

24 

19 

23 

Sulphuric add 

34 

77 

22 

Phosphoric add . 

. 19 

56 

26 

Carbonic acid . 

. 155 

140 

365 


1000 

1000 

1000 


1007. In the process for making potash or pearlash 
(199), the greater part of the soluble salts contained in 
the wood-ashes is washed out ; the remainder is a valu- 
able manure, and often contains a 'considerable quantity 
of phosphoric acid. The refuse ashes from soap factories 
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of the same matters. The following table 


exhibits the composition of 

three 

kinds of 

“ lixiviated 

ashes,*’ according to Berthier 





Oak. 

Beech. 

Scotch fir. 

Lime 

548 

426 

423 

Magnesia . . . . 

6 

70 

105 

Oxide of iron 

— 

15 

1 

Oxide of manganese . . 

— 

45 

4 

Silica 

38 

58 

46 

Phosphoric acid . . . 

8 

57 

10 

Carbonic acid . • 

396 

329 

360 

Charcoal, &c 

4 

— 

51 


1000 

1000 

• 

1000 


1008. The ashes of peat, as might be expected, 
contain less alkaline salts than those of wood ; they 
usually contain a considerable quantity of gypsum (237). 
The following table shows the composition of three 'sorts 
of Dutch ashes analysed by Sprengel : — 




Best. 

Middling. 

Inferior. 

Potash . 


2 

2 

1 

Soda 


10 

39 

4 

Lime . 


136 

86 

61 

Magnesia 


49 

16 

39 

Alumina . • 


45 

35 

41 

Oxide of iron . . 


66 

54 

41 

Oxide of manganese 


10 

43 

2 

Silica 


471 

559 

704 

Chlorine 


12 

30 

5 

Sulphuric acid 


72 

64 

34 

Phosphoric acid . 


20 

8 

13 

Carbonic add . 


41 

64 

55 

Charcoal 


66 

1000 

1000 

1000 
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1009. Kelp, the ashes of sea-weeds (218^ 891) re- 
sembles wood-ashes in containing a largo quantity of 
alkaline salts ; but it contains * little or no phosphoric 
acid. The following analyses are by Dr. Ure : — 



Rona. 

Heisker. 

Carbonate of soda 1 

Sulpburct of sodium J 

55 

85 

Sulphate of soda . . . . 

190 

80 

Chlorides of sodium and potassium 

375 

865 

Carbonate of lime • . • 

100 

240 

Sulphate of lime • . . • 

95 

— 

Alumina and oxide of iron . • 

100 

90 

Silica • . • • . • 

— 


Sulphur and loss 

85 


1000 

1000 
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A. 

Absorption of manure^ 780. 
Acetate of iron, 489. ^ 

~ lead, 311,489. 

— lime, 490. 

— soda, 490. 

Acetates, 489. 

Acetic acid, 476. 

— fermentation, 375, 39 3, 40 8, 
478. 

Acid, acetic, 476. 

— benzoic, 992. 

— butyric, 378. 

— carbonic, 37, 103, 106, 681, 

699, 711. 

— citric, 496. 

— humic, 679. 

— lactic, 329, 377, 445, 570. 

— maiigaric, 515. 

— malic, 502. 

— muriatic, 186, 216. 

— nitric, 163, 217, 772. 

— oleic, 516. 

— oxalic, 130, 503. 

— phosphoric, 195, 245, 

— pyroligneous, 325, 488. 

- sUicic, 259. 

- stearic, 614, 518. 

— sulphuric, 179. 

— sulphurous, 173, 288. 

— tartaric, 498. 


Acid, uric, 609. 

Acids, 109. 

— organic, 493. 

— test for, 113. 

Action of plants on the air, 39, 745. 
.Active principles, 543, 635. 
Adulteration of guano, 1005. 
Affinity, chemical, 3, 7. 

After damp in mines, 133. 

Air, 21, 29, 638. 

— contains ammonia, 150, 638. 

— contains carbonic acid, 37, 638. 

— contains water, 41, 638 

— inflammable, 81. 

— necessary to life, 107, 606. 

— composition of, 26, 29, 37. 

— resists compression, 22. 

— weight of, 54, 59. 

Alabaster, 237. 

Albumen, 569 . 

— inPstable, 346. 

Alcohol, 368, 396, 403. 

Ale, 427. 

•— bottled, 121. 

— ripening of, 434. 

Alkali, test for, 116. 

— volatile, 151. 

Alkalies, 198. 

vegetable, 543. 

Alloys, 314. 

Almonds, 938. 

Alum, 213, 257^ 457. 



34:4 INDEX. 


Alumina, 254, 324, 542, 654. 

— absorbs ammonia, 654, 

880. 

— in soil, use of, 654. 

— . phosphate of, 256. . 

— silicate of, 267. 

— siiphate of, 257. 
Aluminum, 254. 

' — oxide of, 254. 
Ammonia, 83, 148. 

— absorbed by alumina, 

654, 880. 

— absorbed by charcoal, 

&c.,162. 

— carbonate of, 148, 154. 

— fixing of, 790, 876, 888. 

— in air, 150, 638. 

— in rain-water, 150. 

— loss of, 790. 

— muriate, 156. 

— phosphate, 161, 793. 

— salts of, 154, 790, 885. 

— sulphate, 159. 

— urate of, 610, 1004. 
Ammoniacal liquor, 154,854,886. 
Analysis, 17, 317, 906. 

Animal heat, 607, 787. 

— manures, 777, 786, 795, 

799, 817. 

— principles, proximate, 557. 

— substances, 555. 

Animals, breathing of, 107, 606. 

— fattening of, 60 1,6 14, 936. 
Annotto, 580, 588. 

Apple jelly, 336. 

Aqua-fortis, 163. 

Algol, 498. 

Arrack, 410. 

Arrowroot, 331. 

Arteries, 606. 

Artichoke, Jerusalem, 334, 956. 
Ashes, 879. 

— lixiviated, 1007. 

— of coal, 881. 

— plants, 546. 
sea-weed^ 879, 1009. 

— turf, 880, 1008. 


Ashes of wood, 199, 891, 1006. 
Atom, 138. 

Attracthm, 3, 5. 

Azote, 27, 146. 


B. 

Balloons, 58, 82. 

Bamboo, 548. 

Barilla, 218. 

Barley, 333, 413, 913. 
straw, 913. 

— sugar, 344. 

Barm, 366, 441. 

Barometer, 55. 

Base, 109, 148, 198, 225, 269. 
Basting meat, 627. 

Batatas, 955. 

Bay salt, 215. 

Bean, field, 330, 939, 942, 

— straw, 941. 

Beans, kidney, 940. 

Beech ashes, 1006. 

Beech nuts, 938. 

Beer, 411. 

— ; Bavarian, 437. 

Beet, 966. 

Beet-root sugar, 342. 

Bell metal, 314. 

Bile, 607. 

Binary compounds, 316. 
Biphosphate of lime, 245, 834. 
Bitartratc of potash, 389, 498. 
Bittern, 251. 

Black currant jelly, 336. 
Bleaching by chlorine, 185. 

— by sulphur, 175, 542. 
Blende, 305. . 

Blood, 565, 606; 

Blubber, 823. 

Bones, 195, 242, 595, 826, 877. 
— ' as manure, 826. 

— boiled, 826. 

— - of calves, 1001. 

— .fishes, 1001. 

— horses, 1000. 
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Bones of oxen, 999 , 

— pigs, 1001. 

— sheep, 998. 

Bones and sulphuric acid, 832. 
Bran, 909. 

Brandy, 396. 

Biass, 314. 

Bread, 438. 

— baking of, 463. 

— rising of, 466. 

— unfermented, 468. 

— use of alum in, 466. 
Briq^, 266. 

Bri^tone, 171. 

British gum, 360. 

Bromide of magnesium, 72. 
Bromides, 193. 

Bromine, 193. 

Brown stout, 433. 

Buckwheat, 933. 

Buds, 720. 

Burning, 38. 

' lime, 9, 118, 233. 

— of plants, 544, 906. 
Burnt clay, 880. 

— sugar, 344. 

Butter, 574. 

— • claiiiicd, 579. 

— how coloured, 680. 

— melted, 630. 

— salt, 681. 

Bntyiic acid, 378. 


C. 


Cabbage, 960. 

— red, 114. 
Calamine, 305. 

Calcium, 226. 

— chloride of, 241. 
Calomel, 300. 

Camphor, 512. 

Candles, 517. 

— burning of, 30, 94. 
Cane, 560. 

*- sugar, 340. 


Caoutchouc, 537* 

Caramel, 346. 

Carbon, 37, 86. 

— in plants, 39, 91, 316. 
Carbonate of ammonia, 155. 

— iron, 274. 

— lead, 311. 

— hme, 118, 229, 530$ ' 

596. 


— magnesia, 249. 

— ‘ potash, 200. 

— soda, 218. 

Carbonates decomposed by acids, 
117, 228. 

Carbonic acid gas, 37, 103. 

— necessary to plants, 106, 

6^699, 711. 

— dcciffib^tion of, 38, 
Carbonic oxide, 

Carburetted hydro^ni^^, 1 31. 
Carcases, 800. 

Carrot, 336, 580. 

Caseino, 668. ^ 

— vegetable, 347.*'^ 

Castor oil, 610, 938. ‘ ^ 

Caustic potash, 201. 

Cellars, foul air in, 120, 176. 
Cellulose, 322. 

Chalk, 88, 118, 768, 876. 
Chamomile, 430. 

Changes, chemical, 3. 

Charcoal, 35, 86, 879, 883. 

— absorbs ammonia, 162, 


^4^3, 664. 
burning of, 1 29. 

— diBinfectiugpoweTsof,162. 
Charring, 90. 

Cheddar cheese, 686. 

Cheese, 682. 

Cheltenham salts, 224. 

Cherry-tree gum, 336. 

Cheshire cheese, 687. 

Chesnuts, 331. 

Chloride of calcium, 241. 
gold, 292. 
magnesium, 26 1 . 
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Chloride of potassium, 205, 892. 

— silver, 296. 

— sodium, 189, 216. 

— zinc, 307. 

Chlorides, 186. 

Chlorine, 185. 

Churning, 574. 

Chyle, 607. 

Chyme, 607. 

Circulation of the blood, 607. 
Cider, 394. 

Cinnabar, 301. 

Citric acid, 496. 

Clay, 255. 

— burnt, 880. 

— iron ore, 274. 

Climate, differences of, 42, 736. 
Clover, 976. 

Coagulation of albumen, 347, 560. 
Coal-ashes, 881. 

Coal-gas, 83, 134, 154, 587. 
Coal-tar, naphtha, 134, 537. 
Cocoa-nut oil, 511. 

Cognac brandy, 397. 

Cohesion, 89. 

Coke, 129, 287. 

Colophony, 538. 

Colour of soils, 662. 

Colours, changing of, 113. 

— vegetable, 113, 324, 541. 
Colza, 938. 

Combination, 3, 12, 35, 125, 138, 
769. 

— changes produced by. 

Combining numb^^25, 138. 

— freights, 144— -369. 
Combustion, 26, 32. 

— results of, 32, 40, 94. 
Common salt, 216, 893. 
Composition of animal matter, 554.t 

— ' organic matter. Sift 

— plants, 317., ; * 

— Btonei, 267, jp. 

Compounds, binary, 316. ^ 

— definite, 124, 135, 


Compounds, saline. 111. ^ 

— ternary and quater- 

nary, 316. 

— their composition, 17. 
Contagion, 176. 

Contagious matters, 185. 

Cookery, 617. 

Copper, 302, 458, 550. 

— in plants, 550. 

— oxide, 302. 

— pyrites, 302. 

— salts of, 303. 

— sulphate of, 304, 458. 
Copperas, 270, 794. 

Coprolites, 877. 

Corn, 266, 755, 904, 907. 
Corrosive sublimate, 186, 301. 
Cotton, 321, 323, 324. 

Couching, 692. 

Cream, 574. 

— cheese, 587. 

— of tartar, 498. 

Crops, rotation of, ^753. 

Cubic nitre, 217, 903. 

Cultivated lands, 748. 

Curd of mi]^ 568, 583. 

Currants, 496. 


D. 

Daguerreotype, 295. 

Dahlia, 334. 

Death of plants, 741. 

Decay, 11, 105, 145, 765. 

— influence of, lime, 23& 837, 

846, 872. 

— like buniing, 105. 

— of humus, 677. 

— of plants, 145, 354. 
results of, 11, 105, 354. 

— under water, 131. 
^Decomposition, 9, 10; 

— 15, 358. 

— 4fM^649,750. 

— ’ M|aptaeouB,l5,358. 
Deliquescence, 251. 



INBSX. 


347 


Dew, 44* 

Dextime, 360. 

Diamond, 87. 

Diastase, 360, 416, 686, 725. 
Digestion, 604, 631 

— deiangement of, 633. 
Diseases of plants, 740, 744. 
Distillation, 73, 396. 

Ditch scrapings, 865. 

Double salts, 112. 

Dough, 438. 

Drainage water, 825, 867. 
Draining, 857. 

Dunder, 409. 

Dung, 800, 812, 989. 

— cow, 812, 991. 

— farm-yard, 802, 1002. 

— hoise, 812, 993 

— pigs’, 812, 994. 

— sheep, 812, 990. 

— rabbit, 812. 

Dutch lushes, 550. 

Dyeing, 324, 542. 

E. 

Farth, 225 
Earth-nut, 938. 

Earths, 225, 268. 

— alkaline, 225, 246. 

Earthy raattei m the air, 644. 

— silicates, 550. 

— substances in plants, 644, 
732 

Effervescence, 229. 

white of, 560. 

Elaine, 516, 594. 

Electncity, influence on plants, 7 03. 
Elements, 16, 19, 135. 

Embryo, 684, 724. 

Epsom saHs, 250, 876. 

Equivalent, 125, 138, 144, 369. 
Excrement, 607, 787, 799, 812 
Excrements of sea fowl, 814. 
Exhaustion of soils, 748, 986. 
Expansion, 62, 65. 

Explosions of fire-damp, 132. 


P. 

Faints, distiller’s, 403. 

Fallowing, 752. 

Fann-yiu^ dung, 802, 1002. 

Fat, 601, 613. 

^ of animals, 594, 936 
Feathers, 820 

Feeding off with sheep, 756, 813. 
Ferment, 366. 

Fermentation, 15, 364, 423, 765. 

— acetic, 375, 393, 408, 

478. 

— lactic, 377, 570. 

— of bread, 438, 447, 

452. 

— produces carbonic 

acid, 121, 364, 372. 

— putrid, 845, 380. 

— vinous, 364,372,385, 

440. 

Fertility, 750. 

Fibre, woody, 319, 

Fibnn, animal, 564. 

^ vegetable, 347. 

Finings, 593. 

Fir-ashes, 1006. 

Fire, 36. 

fire-damp, 69, 132 
Fish refuse, 816 
Fixed oil, 506 

Fixing ammonia, 790, 876, 888. 
Flame, 61, 93, 100. 

Flax, 319. 

Flesh, 564, 

Flint, 262, 550. 

Flooring malt, 692. 

Flour, 348, 440, 909. 

— damaged, 456. 

Flowers, 716. 

— effect of, on the air, 716. 
Fluondes, 193. 

Fluonne, 198. 

Food of animals, 61 1 

— chemical use of, 605. 

— of plants, 782, 784. 
Formation of seed, 712. 
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Formation of soils, 649j 750. 
Foul smells, 182, 773. 
Freezing, effects of, 65, 

— of water, 63. 

Fruit, 336, 341, 712, 729. 

— ripening of, 717. 

Fuel, 86. 

Fumigating by chlorine, 185. 
Fumigation by sulphur, 176. 
Fungi, 796. 

Fur, from water, 232. 


G. 

Galvanised iron, 314. 

Game, preserving, 807. 

Gas, 26. 

— coal, 83, 134, 537. 

— inflammable, 132. 

— manufacture of, 134. 

— liquor, 854, 886. 

— strength of, 889. 

— tar, 537. 

Gastric juice, 608. 

Gelatine, 589. 

Goneva, 406. 

Germination, 682, 697. 

— accelerated, 696. 
Gin, 406. 

Glass, 219, 262. 

Glauber's salts, 224. 

Gliadine, 347. 

Gloucester cheese, 586. 

Glue, 590. 

— refuse, 820. 

Gluten, 346, 349. 

Glycerine, 513i 
Gold, 292, 314. 

— chloride, 293. 

— of pleasure, 938. 

. mosaic, 308. 

Gooseberries, 496. 

Grain of wheat, 907. 

Grains, spent, 418. 

Grape sugar, 340, 382, 371* 
Grapes, 383, 498. 


Grass, 266, 887, 904. 
Gravity, 54. 

— specific, 84, 405. 
Greaves, 819. 

Green manures, 854. 

— vitriol, 270, 794. 
Growth of plants, 736. 
Guano, 610, 789, 814. 
Gum, 335. 

— arahic, 335. 

— British, 360. 

— cherry-tree, 335. 

— formation of, 359. 

— resins, 540. 

Gun cotton, 322. 
Gunpowder, 208. 

Gutta percha, 134. 

Gyle tun, 4^3. 

Gypsum, 237, 794, 876. 


H. 

llair, 560. 

Hard water, 239. 

Hartshorn, 154. 

Hay, 549, 984. 

Heat, 48, 62. 

■— animal, 107, 606, /»/. 

— influence of, on plants, 702. 

— latent, 48. 

— sensible, 48. 

Hedges, foul, 807. 

Hemp-seed, 957. 

Hollands, 407. 

Honey, 394. 

Hoofs, 589. 

Hops, 420, 430. 

Hordein, 915. 

Horn, 589, 820. 

Humates, 680. 

Humic acid, 679. 

Humus, 672. 

— decay of, 677. 

— excess ofi 740. 

— use of, 678. 

Hydrogen, 69, 82. 
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Hydrogen, caiburetted, 83, 131. 

— lightness of, 84. 

— biilphurettod, 182, 211. 


1 . 

Ice, 45. 

Iceland moss, 331. 

Indun com, 325, 929. 

— rubber, 134 
Indigo, 542. 

Inflammable air, 81. 

Inorganic matter in plants, 544, 
870. 

— manures, 871. 

Inulin, 334, 957. 

Iodides, 193. 

Iodine, 193. 

- in sea-water, 1 93. 

Iron, 274. 

— combustible, 282. 

— galvanised, 314 

— m coal, 287 

— m plants, 274, 553. 

— m soils, 286. 

— m water, 286. 

— moulds, 505. 

— oies, 274. 

— oxides of, 277, 288, 324, 542. 

— peroxide of, 277 

— piotoxidc of, 277. 

— pontes of, 283. 

— rust, 279. 

— contains ammonia, 280. 

— slags, 276. 

— smelting, 275. 

— sulphate of, 270, 285, 289. 

— bulphuict, 284 
Irrigation, 860. 

Isinglass, 391, 590 
Ivory, 595. 


J 


K. 

Kelp, 218, 879. 
Kidneys, 609. 
Kiln-drying, 692. 
Kiischwassei, 398. 


L. 

L ctic acid, 329, 377, 445. 

Latent heat, 48. 

Lead, 310. 

— action of water on, 313 

— acetate, 311. 

— carbonate, 311. 

— oxides, 310. 

— red, 310 

— sulphate, 272. 

— sulphuret, 310. 

— white, 311. 

Leather, 592. 

Leaven, 441. 

Leaves, 699. 

— fall of the, 743. 

— office of, 713, 

Lees of wine, 389. 

Legumine, 347, 598. 

Lemons, 496. 

Ijentils, 946. 

Lettuce, 901 

Light, cflcctb of, 187, 295, 701 
• — influc nee on plants, 602, 606j 
623, 683, 700. 

Lighting a fire, 36 
Lignin, 319. 

Lime, 7, 226. 

— duition on soil, 872. 

— and salt, 897. 

— hiphosphato of, 245, 834. 

— hurning, 118, 233, 

•— carbonate of, 230, 530, 595 
— ' caustic, 7, 226. 

— citrate, 497. 

— hydrate of, 235. 

— in plants, 242, 504, 551, 871 
munate of, 241. 


Juniper, 407. 
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LimOf nitrate of, 163, 240. 

— oxalato of, 504, 551. 

— phosphate of, 242, 551, 505, 

830. 877. 

— sOicate of, 267, 278, 873. 

— silking, 235. 

Limestone, 227, 874. 

— inagnesim, 246, 874. 
Lime, sulphate of, 237, 876 

— 8upeF-pho<(phato o^ 832. 

— ‘when useful, 871. 

— when not to be used, 8 37, 885. 
Limes, juice of, 496. 

Linen, 321. 

Linseed, 935 
Liqueurs, 398 
Liquid manure, 767. 

— tanks, 783. 

Litharge, 310. 

Lirer, 607. 

Loss of manure, 783, 789, 798, 802 
Luccm, 980 

Lungs of animals, 107, 566, 606. 
M. 

Macaroni, 333 
Magnesia, 246. 

— carbonate of, 247, 249. 

— in pi ints, 25 1, 552 

— muiiate of, 247, 251. 

— phosphate of, 247, 253, 

878 

■ — silicate of, 267 

— sulphate of, 247, 250, 
878. 

Magnesian limestone, 248. 
Mignesium, 246. 

— chloiide of, 251. 

— • oMde of, 246 
Maizo, 333, 927. 

Malt, 401,412, 433,915 
Malting, 690 
Malic acid, 502. 

Manganese, 309. 

— in plants, 916, 920, 

929,936,941. . 


Manganese in soils, 309. 

— o\ide of, 191. 
Mangel-wurzel, 966. 

Manure, 754, 762. 

— farm-yard, 802, 1002. 

— fossil, 877. 

— green, 847, 852, 

— heating of, 802, 845. 

— inorganic, 856, 868 

— liquid, 788, 797, 811 

— loss of, 782 

— preservation of, 781, 802. 
— Btiong, 800, 817. 

— vegetable, 839. 

Manures, animal, 777, 786, 795, 

799, 718. 

— orginic, 764, 780. 

— saline, 890. 

Maple sugar, 341. 

Maraschino, 398. 

Marble, 88. 

Mark of grapes, 383, 479. 
Miigarine, 515, 594. 

Mail, 871. 

Maslung, 401, 415. 

Mead, 394 
Meat boiling, 619 

— roasting, 627 
edicines, ictioii of, 634. 

Mcicur>, 298. 

— chlorides, 300. 

— oxides of, 299 

— sulphuret of, 298, 301 
Metallic allo} s, 31 i 

— oxidis, 269 

— salts, 270. 

Metals, 196, 291 
Milk, 568 
Millet, 333 
Mimum, 310 
Mixture, 4, 125. 

— of soils, 857. 

Molasses, 343, 409. 

Mordaunts, 324, 542. 

Mortal, 236. 

Mosaic gold, 308. 

Mould, 673. 
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Mouldenng, 765. 
Mouldiness, 767. 
Mucilage, 337. 

Munato of ammonia, 156 

— lime, 24 J. 

— magnesia, 251. 

— soda, 216. 
Muiiates, 186 
Muiiatic acid, 1 86. 
Muscle, 564, 602 
Muscovado sugar, 343. 
Murk, 38.S, 479. 

Must, 385. 

Mustard, 510, 938. 


N. 

N iphth 1, 537. 

Nascent state, 769, 774 
Niluial \cgeUtion, 747- 
Night soil, 807. 

— disinfected, 810. 

Nitute of lime, 163, 240. ♦ 

— pot*ish, 206, 240, 899. 

— soda, 217, 903. 

— silver, 296. 

Nitidtes, 163. 

— in plints, 901. 

Nitre, 206, 899. 

— beds, 240. 

— cubic, 217. 

Nitiic acid, 163, 217, 772 

— in inouuic, 837, 899. 
Nitrogen, 27, 146. 

Nojeaii, 398. 

Nutrition of plants, 636, 681, 720. 
— animals, 600, 604. 


0 . 

Oak-asbes, 1006. 

Oits, 333, 917. 

Odoms ot plants, 509. 
Oil, 606. 

— cake, 861 . 

— castor, 510, 938, 


Oil, of cloves, 512. 

— cocoa-nut, 511. 
dregs, 823. 

— drying, 508, 510. 

— fat, 508, 510. 

— fixed, 508. 

linseed, 510, 935, 938. 
inustai^^lO. 938. 


— rape, 510. 938{^ib^ 

— rock, 537. 

— seeds, 938. 4 ^ 

— volatile, 509, 512. 

016100^,516,594. , 

Opodeldoc, 531. 

Oios, roasting of, 302, 310. 
Oigamc acids, 493. 

— mamiies, 764, 780. 
^janic mittei, 315, 722 

substmees in soils, 667. 
transformations, 356 
Oigonised matter, 722. 

Oxalate m lime in plants, 551. 
Oxalic £;h1, 130, 503. 

Oxalis, 959. 

Oxide, caibonic, 127. 

— of coppei, 302, 

— iron, 277. 

— lead, 310. 

— manganese, 191, 309. 

— mcicury, 299. 

— silver, 294. 

— tin, .308. 

Oxides, metallic, 269. 

Oxygen, 27, 68. 


P. 

Paint, \rhite, 312. 

Palm pice, 410 

Paper bleached by chlorine, 185. 
Paring, 880. 
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Parmesan cheese, 587. 

Parsnip, 336, 973 
Paste, 348. 

Peailash, 200. 

Peas, 330, 943. 

Peat-ashes, 880, 1008. 

Pectmo, 336 
Peroxides, 272. 

Perry, 394 
Persalts, 272 
Petie, 206 

— salt, 891«rt«'* 

Pewter, 314 ^ 

Phosphate of alumina, 256. 

— ammonia, 161. 

— lime, 105 — 242, 556, 

595, 831. 

— magnesia, 253, 552. 
Phosphates, 194 

— eaitln,551, 732 
Phosphoric acid, 195, 245 

— in plants 195, 242. 
in bone, 195, 242. 

— in water, 79. 
Phosphoius, 194. 

Pickling cabbige, 114 
Pine-apple, 498 

Pipes, bursting of, 65 
Pitch, 536, 

Plints, composition of, 91. 

— death of, 740. 

— decay of, 104. 

— decompose cat home acid, 

106, 699, 711. 
effect of, on the air, 745. 

— element's of, 91 

— food of, 636, 681 , 720, 782. 

— giowth of, 699, 707. 

Plastei of Paris, 238. 

— stone, 237. 

Plough, iubsoil, 761. 

Plums, 336 
Polenta, 333. 

Pond mud, 825, 865, 867* 

Poppy seed, 938. 

Porter, 427. 

Potash, 199 


Potash, binoxalatc of, 504. 

— bitartiato of, 498. 

— caibonatc of, 200 

— caiistii, 201, 

— in plants, 199, 214, 546 

— m the soil, 2>4. 

— muriate of, 205, 892. 

— nitiate of, 206-240, 899 

— salts of, 214. 

— silicate of, 549. 

— sulphate of, 213. 

Potashes, 891. 

Potassium, 202 

— chloiide of, 205, 892. 
Pouto, 330, 333, 952 

— haulm, 954 

— apiiit, 408 

— stuch, 330. 

— sweet, 955, 

Pottoiy, 255. 

Principles, active, 543, 635 
Piopoitions, 138 
Protein, 599 
Pioto-silis, 272. 

ProtoMdes, 272. 

Proximate animal pimciplcs, 557 
Piuning, 715 

Puticfaction, 11, 350, 380, 765, 
771, 798. 

— influence of lime in, 
234, 240 

Putrefj mg inimal mattci , 899, 8 10 
Putiid fermentation, 380. 

— uiinc, 797, 993 
Putty powder, 308. 

Pontes, 28 1 

— copper, 302 
Pyioligncous aod, 325, 488 
P)iohgDite8, 489 
Pyroxylic spuit, 325, 538. 


Q. 

Quartz, 258. 

Quateinaiy compounds, 31b 
Quicklime, 7, 233 
Quicksilver, 298. 



R. 

Rain water, 71, 74, 280. 

Raisins, 382. 

Rape seed, 938. 

— vine, 482. 

Red cabbage, 114. 

— lead, 310. 

Refuse of gas-woiks. 

Ronnft, 584. 

Resins, 532. 

Respiration, 107, G06. 

Results of combustion, 32, 40, 94. 

— putrc&ction, 380, 767. 
Rhubarb, 503. 

Rice, 329. 

Ripening of fruit, 718. 

Ri\cr mud, 867. 

— water, 77. 

Road drift, 865. 

Rock salt, 215. 

Rocket, 938. 

Rpeks, disintegration of, 649, 750 
Roman vitriol, 301. 

Roots, 705, 729. 

Rotation of crops, 753. 

Ruby, 254. 

Rum, 409. 

Rushes, Dutch, 550. 

Rust of iron, 279. 

Rye, 330, 922. 

— straw, 925. 


S. 

Sacciiatino matter, 339. 
Safety-lamp, 99. 

Sago, 331. 

Saintfoin, 982. 
Sal-an^moniac, 156. 
Saline compounds, 110. 

— draughts, 14. 

— manures, 890. 
Salt, 215, 898. 

and lime^ 897. 

— bay. 215: 
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. Salt, common, 189, 215, 631, 895, 
581. 

— > in sea water, 215. 

— rock, 215. 

— spirit of, 188. 

— sea, 215, 262. 

— solution of, in water, 30. 
Saltpetre. 206. 

Salts, no. 

— double. 111. 

— Eptom, 250. 

— Qlauber’s, 224. 

— of bartsborn, 151. 

— iron, 289 

— lemons, 505. 

— magnesia, 250. 

— ' pot^, 214. 

— soda, 223. 
sorrel, 505. 

— the metals, 270. 

— sub-. Ill, 

— super- or bi, 111. 

Sand, 262. 

Sapphire, 254. 

Sawdust, 847. 

Schiedam, 407. 

Sea-fowl, oxcrements of, 610, 789. 
Sea-water, 7L 
Sear weed, 218, 853. 

Seeds, 347. 

— formation of, 712, 735. 

— germination of, 682. 

— steeping, 696. 

Seidlitz powders, 14. 

Selection by roots of plants, 733, 
Semolina, 333. 

SheU sand, 871. 

Shells, 875« 

Silex, 258. 

Silica, 258. 

— in plants, 266, 546. , 
in soil, use of, 265, 651li 

Silicate of alumina, 267* 

— Unto, 267. ; 

magnesia, 267* 
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SiUcates, 262^267, 904. 

Silicic add, 259. 

Silicon, 259. 

Silk dyeing, 542. 

Silver, 294, 314. 

— chloride of, 296. 

— nitrate of, 296. 

— oxide of, 294. 

— salts of, 294. 

— sulphuret of, 294, 297. 
Size, 593. 

— resin, 539. 

Skimmed milk, 582. 

Skin, 589. 

Slaking of lime, 7, 235. 

Slag, 276. 

Smells, foul, 186. 

Smoke, 98, 102. 

Straw ashes, 549, 907. 

— of barley, 916. . 

buckwheat, 934. 

— — lentils, 948. 

— maize, 929. 

— <• oats, 920. 

— lye, 925. 

— vetch, 951. 

— wheat, 907. 

Strong manures, 800. 

SubHidts, 111. 

SubsoU, 757, 648, 856. 

— ploughing, 761. 
Substratum, 758, 

Suffocation from charcoal, 120. 
Sugar, 340. 

•«- barley, 344. 

— candy, 345. 

— formation of, 361, 374. 

^ of lead, 489. 

-- ofmak,570. 

— i«6iifng,344. 

'refiners* waste, 616. 

Sulphate of alumina, 257. 

^ attunordsy 159. 

— edpper. 794.-"/ 

— inm,794. . 

— lime, 237, fiTO, 79 
876. 


' Sulphate of magnesia, 250. 

* — potashj|.2i3. 

— potash and alumina,2 

— soda, 190, 220. 
Sulphates, 180. 

Sulphur, 171, 284. ,, 

— in plants, 775. 
Sulphuret of iron, 283. 

— Jead, 310. 

— Silver, 297. 

Sulphurets, 181. 

Smelting, 310. 

Soap, 10, 219, 520. 

—• boiling, 521. 

— decomposition of, 10, 529 

— soft, 528. 

— transparent, 531. 

— yellow, 527, 639. 
Soapmakers* ash, 879. 

I Soda, 189, 215, 218. 

— carbonate of, 218. 

— in rocks, 223. 
in plants, 647. 

— in soils, 223. 
mnnato of, 216. 

— • nitrate of, 217* 

— silicate of, 262, 904. 

— sulphate of, 1 90, 220* 
Sodium, 189, 216. 

— chlondo of, 190, 216. 
Soft water, 630, 626. 

Soil, 225, 642. 

Soils, analysis of, 666. 

— colour of, 662. 

^ composition of, 666. 

•— exhaustion of, 748, 912, 9 

— formation of, 649, 750. 

^ mixture of, 668, 758. 

•— nature of, 655. 

Solder, 314. 

Soot, 154, 885. 

Sorrel, 503. 

Soup, 623. 

Spe^e gravity, 84, 405. 

Spices, 632. 
t, jS^rit proof, 404. , 

— pyioxylio, $25. 
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Spirit of salt, 188. ^ » 

— wioe, 367, 896, 403. j 
Sponge, 44 7> 

Spring water, 76, 239. 

Springs, 75. 

Stiill feeding, 615. 

Statch, 326. 

Steam, 43, 50. 

Stearic acid, 514, 518. 

Stearine, 514, 594. 

Still, 73. 

Stilton cheese, 587. 
dUphiiTot of tin, 308. 

^Snlphurettcd hydrogen, 182, 211, 
773. 

Sulphuiic acid, 179. 

Sulphurous acid, 173, 288. 

— cheeks fermentation, 
395. 

Sunflower, 901. 

•— seed, 938. 

Super-salts, 110. 

[Super-phosphate of Um^, 245, 832. 
‘Super-tartrate of potash, 389, 498, 
Swedos, 961. 


Tabashecr, 548. 

Tannin, 592. 

Tanning, 592. 

Tapiftca, 331. 

Tar, 634. 

famish on silver, 297. 

Tartar, 389, 500. 
ffartaric acid, 498. 
frartrates, 501. 

Teeth, 595. 

Ternary compounds, 316. 

Tests, vegetable, 1X6. 
Tliermometer, 52. 

Thunderbolt, 286. 

Tiles, St55. 

Tin, 306. . 

— oxide of, aoa, 324, ’ , 

— plate, 314. 


:Tin, sulphuret of, 308, 

^oast, 474. 

Toasted cheese, 582 ,t 
T obacco, 901. 

Toddy> 410. 

Treade, 397. - 
Tropi al countries, 736. 

Tubers, 725. 

Turf ashes, 880. 

Turmeric, 116. 

T^ips, 961. 

Turpentine, 533. 

— oil of, 134, 407, 512, 
533. 


Urate of ammonia, 601, 1004. 
Urea, 609, 997. 

Uric acid, 609. 

Urine, 609, 766, 800. 

— cows’, 991. 

— horses’, 993. 

— human, 997. 

— putrid, 992. 

— pigs’, 994. 

— sheep, 990. 

Use of leaves, 713. 

— - plants, 39, 745 
Usquebaugh^ 406. 


Vapour condensed by 00 I 4 , 44. 

— in the dr, 41. 
Vegetable^alkaH^ 543. 

— manure, 889. 
Vegetkhle 8 , 1 |lbiUBg 0 ^ 625. 
Veins, 606. 

Vermilion, 301. 

Vetch, 949 . , - 'v 

Vinegar, 625, 378, 460. 

distUIed, 465'. ' 
Vinous 1ermeiitarionj( 36?^ 872^ 
VitiioU blue. 804. 
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Vitriol^ green, 285. 

— oil of, 179. 

— ivhite, 366. 
Volatile alkali, 151. 

— oil, 506, 512. 


W. 

Walnuts, 938. 

Wash, distillers*, 402. 

Water, 46. 

— action on lead, 313. 

— air in, 80. 
con^sition of, 66. 

— freezing of, 63. 

— hard, 232, 432, 529, 626. 

— impiuities in, 71. 

— mineral, 76. 

•— neces^ry to plants, 81. 

— New lUver, 77- 

— phosphoric acid in, 70. 
pure, 73, 232 

— rain, 71, 74, 230. 

— sea, 71, 251. 

soft, 239, 528, 626. 

— spring, 76, 239. 

— Thames, 77. 

•— ^Swell, 78. 

Wax, 511. 

Weed-ash, 218. 

Weeds, 39, 802. 

— burning of, 804, 

« — putre&cCion of, 803, 

— spread nf, 805. 

Wheat giain, 907. 

— straw, 907. 

— starch, 326, 333 
Whey, 585. 

Whiikey, 406. 

White lead, 811. 


INDEX. 

White of egg, 560. 

W mo, 383* 

— brandy, 397. 

— domestic, 392. 

— fermentation of, 

— fining of, 391. 

•— pricked, 393. 

— ripening of, 390, 
vinegar, 479. 

Wood ashes, 199, 838. 

— spirit, 325. 
Woody fibre, 319. 
Wool, 818, 899. 

— dyeing, 542, 

— mill refuse, 816. 

— lags, 819. 

— soap, 816. 

Woit, 401. 

— foxinesB of, 422. 


X. 

Xyloidine, 322. 


Y. 

Yeast, 3CG, 425, 441. 

— as manure, 850. 

— artificial, 467. 

— bad, 460. 

— dry, 465. 


Z. 

Zinc, 806. 

— chloride of, 307. 

— oxide of, 306. 
sulphate of, 306. 





[ NEWSPAPER FOR ALL WHO HAVE FARHS OR 
GARDENS. 

ISvery Saturday ^ price Sia>peneet/ree by Poet. 

ENLARGED TO TWENTY-POUR FOLIO PAGES, 

{Eeuih Yearly Volu<ine emplete in iteelf,) 

THE OARD.ENER8’ CHRONICLE 

AND 

IIRICULTURAL GAZETTE; 

A ^HcLY RECORD OF RURAL BCOKOUT AND GENERAL NEWS. 

THE HORTICULTURAL PART EDITED BY 
PROFESSOR LINDLEY. 

Tile rarmliiff Part (under tlie Editorship of a practical 
' Farmer) treats of— ^ 

The Praetice of Agrlrulturc Veterinary Science 

Agricultural Science Drainage 

Animal and VegetaTjle Physiology Irrigation 

Improvements m Implements, described Foresting 
by Wcodetda whenever requtnte Roadmaking 

Better Modes of Husbandry Farm-Buildings 

Results of Experimental Farming Labourers 

Growth and Rotation of Crops Treatment of Poultry 

MaiMgemont of Stock Agpricultural Publications. ^ 

In short, Mrhatever affects the beneficial employment of capital 
in land. 

Reports are regularly given of tlie English, Scotch, and Irish 
Agi’icultural Societies and Farmers* Clubs— London Market 
Prices of Corn, Hay, Cattle, Seeds, Hops, Potatoes, Wool, Coal, 
Timber, Bark, &c., and the Weekly Averages. 

An regards tbe Oardeniugr Part (under the Editordiip 
of Dr. Lindlry), the principle is to make it a wedkiy wcord of 
everything that bears upon Horticulture, Floriculture, Arbori- 
culture, or Garden Botany, and such Natural History as has a 
relation to Gardening, 'wiw Notices and Criticisms of all Works 
on such subjects. Connocted with this part are 

WEEKLY CALENDARS OF GARDENING OPERATIONS, 
Given in detail, and adapted to the objects of persons in every 
station of life ; so tliat tne Cottager, with a few rods of ground 
before his door, the Amateur who has only a Greenhouse, and 
the Manager of extensive Gardens, are alike informed of the 
routine of Operations which tiie yawing seasons render necessary. 
It moreover contains Reports of Hortioiftural Exhibidons and 
prOceedinga^Nntices of Novelties and Improvements- in fhet, 
everything that can tend to advance the Frofesuon, benefit the 
condition of the Workman, or conduce to the pleasure of his 
hjn^oyer. 

Wtmevts efc given wimever die matter Muted qf regret that 
made ofiUmtiutian, ' . 

Kepilee to Q[aeatloiis couneetdd wfiDi the object of tbe 
Paper wne ftlao iWnii^od weekly, {Over, 



THE OAKVBNEBS* CBAONICLB 


Lastly, that description of Bomestie and BoUttoal Wawa 
Is introduced which is usually found in a Weekly Newspaper. It 
Is unnecesssi^ to dwell on this head further than to say, that the 
Proprietors do not range themselves under the banners of any 
Party ; their earnest endeavours are to make Thb Gabdeners’ 
CilBONioi:.B ABD AoRXCU]:.TUBAt. GAZETTE a full and comprehen- 
sive JUcord of Facta only — a Newspaper in the true sense of the 
word— leaving the Reader to form his own opinions : theii^bmct 
being the elucidation of the laws of Nature, not of Man. The 
Reader is thus furnished, tn cUtdltlon to the peenlUtr 
foaturoB of the Journal, with such information concerning 
the events of the day, as supersede the necessity of his providing 
himself with any other Weekly Paper. 

The Proprietors of The Gardeners* Chronicle and Agricul- 
tural Gazettb are happy to announce that they have received 
the support of the most distinguished Agriculturists, Farmers, 
Botanists, Florists, and Practical Gardeners. The following 
havo already oaiiohed the pages of The Gardeners* 
Chronicle and Agricultural Gazette by their communica- 
tipns : — 

Anderson, G., Esq., Bee. of the InvemeBs Fatmuis’ Society 

Babington, 0. C» Esq., M.A., St. John’s College, Cambridge 

Baker, BoDett, Esq., Wrlttle, Essex 

Batemaii, Esq., F.B.S., Blddnlph Grange 

Batson, T., Esq , iCynastone House, near Boss, Herefordshire 

Boniham, G., Esq., late Secretary of the Hortlcaltnral Society 

Berkeley, Kcv. M. f., F.L.S., King’s Cllflfo 

Bree, G. K., Esq., Stownilrket 

Brown, T. C» Esq., Cirencester 

Bufvelt, Sir C. Merrick, Bart., Knapp Castle, near Horsham 
Caird, J!, Esq., Baldoon, near Wigton 
Clarke, J. A., Esq,, Long Sutton, iJncolnshiro 
Curtis, John, Esq., F.L.S. 

Darwin, C., Esq., F.E.S , P.G.8. 

Daobeity, G., M.D., F.B.S., Professor of Botany, Oxford 
Davis Hewitt, Esq. 

Denton, J. Bailey, Esq. 

Dillwyn, L. W., Esq., F.L.S., SkCtty Hall 

Dixon, H., Esq., Wittaam 

Dixon, Bev. E. S„ Cringlsfbtd Hall, Norwich 

Dnice, Esq., Jun., Ensham, Oxford 

Fardon, H. F., Esq^. See. of the Bromsgrove Farmers’ Club 

Fortune, Mr., late Curator to Chelsei^ Gardens 

Goodld^ Lieut. J. M„ Grauafd 

Graham, F. J., Esq.. Cranford 

Gr^i Northumberland 

Hamilton, Esq., St. Emans, Donegal 
Hamilton, W. Tlghc. Esq., DuWln 
Hautkami J., Esq., Kirk Deigbton, Wetherby 
llarcourt Bev. L. Vernon, West Dean House, Sussex 
Hayward, J. Curtis^ Esq., Quedgeley. Gloucester 
Heath, G^ge Crawford^ Kln^s CoUegh, Cambridge 
Hene)boW, Bev. j. S., F.L.8., f^otbssor of Botaiurr Caiiihrfage . ^ 
^H^bort, Cbe Ute Hon. and Ter}' BoV* DSi^Dbim of MdUtiMHIliim 

Rodsdn, % Sy Bdbtui^^tdfiiiit, Htoy St Etound’s ' '[Ovor, 
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Hooker, Sir W J , F K S , Itoyal Gardens, Kev 
Homer, Di , Hull 

Hoskyna, C W , Daq , Wrozliall, Warwick 

Hudson, J , Feq . Castle Acre Lodge, near Swaffhani 

Hnxtable, Rev A , Reoto^, Sutton, Waldron 

Hyett, W n , Esq , P R 9 , Pamswick House 

Ingram, Dr , President of Trinity College, Oxford 

JoBnson, Gutkliert W , Lsq 

Her, H B , Lsq , Cheshunt 

Lankester, Dj% P R S , F L S 

Lawos, J B , Esq , Rothamstead 

Lawrence, C , Laq , Cirencester 

Llewellyn, J D , Esq , Penllergaie 

Lloyd, Rev C W , Oosfield, Essex 

Mackenzie, the lato Sir George Stuart, Bart IKS 

Macnab, Mr , Botanic Garden, 1* Imbnrgh 

Mallison, F A , Esq , Birkennead 

Martin, Doyle 

Maund, B , 1 sq Brcmsgrove 

M^hl, J J , Esq , Tiptiee Hall Faim 

M^re, Mr D , GuMueviq Botanic Gardens, Dublin 

Moore, Mr T , Botanic Gardens, Chelsea 

Morton, Mr John, Agent to the Lari of Ducio 

Mosley, Sir Oswald, Bart 

Nasmyth, Sir James, Bart 

Neil Dr , Canon Mills, Fdinbnigh 

Newington Dr , Knole Pari , Frant 

Paine, T M , Esq , Famham 

Parkes, J , Esq , Engineer to the Royal Agricultural Society 

Parkinson, J , I sq , Leyfields, Newark Notts 

Playfair Dr Lyon P R 8 , F G 

Pndoaux, J , Ksq, Plvmoutb 

Purchas, R w , Esq , Pilstcne, Chepstow 

Rawstorac, Ool L , Ft nwortham, Piestoii 

Readc, Rev J B F R S , Stom , AyletHliry 

Rogers, John, Esq , Sevenoaks 

S Professor, P R S King a College, London 
I, Mr T , I ast I oihian 
Scudamore, E , M D ( antcibnry 
Selby, Prldeaux T , I sq , rwiroll House 
Smith, the lato Janu s Psq , of Deonston 

Solly E, Laq PK9 Pi ofessor of Chemistry to tho lloitKultursl 
Society ot London 
Sparkes, G , P sq , Bromley 
Spooner, W C , V S , Southampton 
Stephenson, Rev Dr , Souldem Rectory, Oxon 
Strangeways, Hon W Fox 

Troveiyan, Sir W C , Bart , NetUecomhe, Taunton 

Tnmmei^ J , Esq , Norwich 

Tumor, H J , Esq , Ritdimond, Torkdiire 

Tylden, Sir J Maxwell, Bait , Milstod, Kent 

Waales, G , Esq , Sec to the llorticultctral Society, Newcastle 

Wames, John, Esq , Tnmingham, Norfolk 

Way, J T , Fsq, Chemist to the Royal Agnciiltnial Society 

Webb, Richard Anthony, T sq , Oxton Farm, Lxeter 

Weir, J B , Esq , Galashiels 

Westwood, J O , Esq , Seciotary to tho Entomological Bodety 
Widdrington, Captain S E , F B S , Pelton 
Williamson, Mr , Botanic Garden, SheSleld 
WlRfch, O H , Esq, Assistant Tithe Commissioner 
Wilkins, Rev G , Wix 

Wilson^ W. CarviBj Esq ^ Oiksterton Hense^ Westmoreland 

Wingate, W , Fsq i Harelty, Bollngbioke [ Over 
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'W(&3ey. Sir Charles. Bart. 

Ittr. Ingram, Gardener to Tier Majesty at Windsor 

Mr. Walker, Viceregal Gardens. Dubnn 

Mr. Paxton, Gardener to the Duke of DeYOnablre 

Mr. Fleming, Gardener f o the Duke of Shithorland 

Mr. Boherts, Gardener to the Duke of Cleveland 

Mr. MoflhtiXHrdener to the Duke of Newcastle 

Mr. Alexander, Gardener to the Duke of Leiniter 

Mr. Macintosh, Gardener to the Duke of Buccleueh 

Mr. TiUerv, Gardener to the Dnke of Portland 

Mr. M'Dwlng, Gardener to the Duke of Norfolk 

Mr. Cale, Gardener «o the Duchess-Dowager of Bedford 

Mr. Bpencer, Gardener to the Marquis of Lansdowne 

Mr. Shearer, Gardener to the Marquis of Tweeddale 

Mr. Ingram. Gardener to the Marquis of Salisbury 

Mr. Lovell, late Gardener to the Marchioness of llastings 

Mr. Henderson, Gardener to the Earl Fitaswilliom 

Mr. Bowera late Gardener to the Earl of Lucan 

Mr. Ogle, Gardener to the Earl of Aheigavenny 

Mr. Cooper. Gardener to the Earl Fitxwilliam 

Mr. Forsyth, late Gardener to the Earl of Shrewsbury 

Mr. Jennings, Gardener to the Earl of Derby 

Mr. Buchan, Gardener to Lord Bagot 

Mr. Ilaythom, Gardener to Lord Middleton 

Mr. Elliott, Gardener to Lord Forester 

Mr. Barnes, Gardener to Lady Rolle 

Mr. Frost, Gardener to Lady Grenville 

Mr. Halliday, late Gardener to I^ord Sondes 

Mr. J. Stuart^ Gardener to Lord Denman 

Mr. Wighton, Gardener to Lord Stafford 

Mr. Fraser, Gardener to Lord Radnor 

Mr. Markham, Gardener to the Uon. B. Clive. M.P 

Mr. Street, Gardener to the Hon. Mrs. H. N fergusou 

Mr. Bottrke, Gardener to theHon. and Rev. Robert Plunkett 

Mr. Booth, Gardener to Sir #Lemon. Bart. M.P. 

Mr. Errington, Gardener to Sir P. Egerton, Bare., M.P 
Mr. Beaton, Gardener to Sir W. Middleton, Bart. 

Mr. Green, Gardener to Sir E. Antrohns, Bart. 

Mr. Lauder, Gardener to Sir W. B. Botighton, Bait 
Mr. Todd, Gardener to Sir E. Filmer, Bart. 

Mr. Bailey, Gardener to G. G. Harconrt, Esq., M.P 
Mr. Whiting, Gardener to H. T. Hope, Esq, M P. 

Mr. Falconer, Gardener to A. Palmer, Esq. 

Mr. B. Fl^ Gardener to Col. Sowerby, Puttoridgehury 
Mr. J. L. Snow, Swiuton Park 

Mr. Hamilton, Gardener to F. A. FhilUps, Esq., Thornflcld 

Mr. Munro, GAidOner to Ixncd Clarendon 

Mr. James Drammond, Gardener, Blair Drummond 

Mr. Meohan, Gardener to Col. Harcoort, St. Claiw, Isle of Wight 

Mr. Dnnoan, Gardener to J. Martineau, Esq., Basing Park 

Mr. Sherwood, Gardener to J. B. Mills, Esq., Englweld 

Mr. Wfttpgn, Gardener, ToUingpton Park 

Mr. G^on, Hardy Department, Horticultural Gardens, Chiswick 
Mr. Thompson, Fmit Department, Horticnltural Gardens, Chiswick. 
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fi irabliflihed every Saturday, ^ce 6d.^ Stamped"^ to go fi^e by 
and may be ordered of all Books^lers ana Newsvenders. 

OSUm Ibt 44vartiaaiaattta and CbmmnnjlcationBf 5, Upper 
fVelUiiffton Street. Coveut Garden. 



Pnee 3(2. ecbchy or So for 25 copies for distribution^ 

THE COTTAGER’S CALENDAR OF 
GARDEN OPERATIONS. 

BY JOSEPH PAXTON, 

Oardener to Hia Grace the Unite of Uevonshire &(* , ftc 
Aiove 68 Tlum^nd copies ham hcen sold up t spitsent tans (October, ISoO) 
INDEX Oh CONTENTS TO PAXTOn’s COTTAOER*8 GaLCNDVR. 
Afiican Lilich Cucitmhets Mangrold Rustic Ya&ea 

A^ipdnthus Cultivation in Mai|c am 

Anemones Win lows iManiios Sdivias 

\nnua1s Cuiiants Marvel of Ttru Savoys 

VpiUs Dihlius Me<<embryanthe Saxifrage 

\piic t Diisics inims Scarlet Runnei 

Aui fellas ])uf,s tjoth Vio Ki^iftnette Beans 

i cins lets Mint Sei Daisy or 

1 ect 1 xbibitions pi Mushroom Thrift 

1 icnmals paring f r Mustaid Sea Kale 

1 1 1 k fly Foma as piotec Naieissiis Seeds 

Btoks foi (otta tion Nem i.hila8 Select Plowcis, 

h<»s I ruit (I noth labifrons XcgctiUcs, 

Bongo 1 nut r* okery Onions and 1 luits 

Uoi ccole I iiHchias Pa i cs bn ills and Slugs 

Boxtdgmgs Otntlanclla Paisnip Sniwdrops 

Biocoli <»iliaa Paisley b ups 

Brussels spr juts Go s benics I i lies ‘•pinioh 

Bulding Grafting Jciliiulm Spiucilir 

Bulbs Grapes Icus Spin piumng 

C ibbago Gn en fly Pe is laftcu s 

Cactus fleirtsoabc Pclugmiums Stocks 

C lice Unas Kerbs Perennials Stiaiibdiies 

Cdlifoiman An Ileibi c us Pc Prsiinlns Sumiiei b ivory 

iiuals 1 nmals Petfiniab ^ vet i Williams 

rampiuulas Iftli tiope Phlix 1 bora lle.dges 

Cainati ns H U>li cks Pigs lliypie 

Cariots lion ysuokle Pinks 1 igildiaPavbnia 

riulifloweis Hoib iiiish Planting I nnsplanting 

(tlciy Jlyicinths Plumb Tiec lifting 

(.hollies Jlyhln^eis Polyanthiib 1 lH)S 

Cliiiia Asteis H>ss p Pttntoes luinipS 

ChiniKbes Indian Cioss Piivet Yegetablo 

C hiy<'lntliemam8 Ins Piopagating Cooktry 

Chive b Kidney Beans Piumng Venus a Lookings 

Claikiis Lavvnder Pyraedniha glass 

Cldraatis 1 ayeiing Radishes Veibtnas 

Colllnsias I ceks Randnrulus Vines 

Colewoits Leptosfphons Raspbeirles Virginian Stock 

Cress Lettuce Rhunarb Wallflowers 

C rcepora I obtlias Rockets Willows 

( rocus Lonjlon Piide Roses Zinnias 

Crown Impenals T ychnis Double Rue 

ILLUSTRATED WITH SEYERAL WOODCtTlS. 

Published at 3(2 each, or 5d. ^r 25 copies, for distribution 
amongst Cottage Tenantry, and delivered anywhere in London, on 
a Post>office Order, payable to James Matthews, being sent to the 

Oardenera* OUrdatcle «na Avrienltiurttl Oasette OAoe, 

5, Upper WeUington-street, Covent Garden, London. 
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THE TREE ROSE. 

PKACTICAL I^S^RUbTIO^S lOB ITS TOKMATION AND 
CULILRI IILUSTRArLD BY 24 WOODCLTb 

Bepnnted from the “Gabdikers Chromolf, with additional matter 
by the Authoi and others 


CONTENTS 


Viinual pruning time principle of 
ti\ccution Ac 
Binding up 
Budding knif( 

Budding time ot ye ii ^ay time ci 
day state oi the plant care of i 
buds 

Budding upon body 
Bud insGitionot into stock 
Bud prepaiation of foi use 
Buds dormant inlpusluuf. 

Buds failing 

Buds securing a supply ot 
< atei pillars, slugs and snails to 
destroy 

( auses of success 

Dirpiant buds theoiy of lepUnting 
with explamed 
Guards against wind 
1 abelling 
1 oosing ligatuies 
March pruning 
Mi\tuie for healing wounds 
Planting c ut an anf,em( nt oftiees &c 
Pruning toi transplantation 
Pushing eye spnng treatment of 
dwarf shoots from 

Roses different sorts on the same 
stock 

Roses short list of desirable sorts for 
budding with a pushing eye 
bap-bud, treatment of 
Shape of trees 
bhoots and eboiee of 

A 1 


Shocts f(i budding u|^on ajm umu 
arrangenu nt 

Shoots keeping even and Inoving 
tlioriib 

Sh it( iiing wild shoots ^ 

Stocks X laiitinj, out buddmx, 
upon the means of proeuim^ 
colour age hught sorts f r dif 
feieut species of Rose taking up 
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shortening lu ids Ae san ptuxer 
for tlie purpose 
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Aphides t ketpdtwn 
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Cli ift binding up in I bnisUing 
Grafting id\ nta^eof 
Grafting disadvantage oi 
Opeiatioii in difTerent months 
Preliminary observahens 
Boses catal gue and biief description 
ct a few sorts 

Scion preparation and inseition of 
Scion, choice and arrangement of 
Stock, pieparation of 


APPLNDIX 

A sdectlon of vaiieties 
Comparison between budding and 
grafttug 
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Published at the and Aartonltura 

CNsaatta Ollloe^ 5, Upper WellmEton-street Covent Garden 
London. 



Just piJilishsd the 2nd EUtum with Additums, ba bd cloth 

ORNAMENTAL AND DOMESTIC 
POULTRY; 

niLIR IIIblORl AND MANAGIMLNT 

BY THE REV. EDMUND SAUL DIXON, M A, 

Reetorof Tit^(od\ ituxiirk 


IHE BIRDS JKEAJID Of ARL — 


D mpstic I ( w 1 in noral 

riicGuiiu 1 1 0^1 

1 he Spauibli 1 wl 
Th Sptcklcd Dorkings 
rh < cchiii C kina 1 umtI 
Th Malai I oivl 
n c Phc IS lilt Malay I o» 1 
Ih Gamt I wl 
rhi Mutp Swin 
rht Canada Gocsc 
The Lf^ptiin n Cajc ( ooae 
riu Musk Duck 
1 he Orcv ( Inua Got 
Ihe White, rmuted r Lan(,hitig 
Getsu 

Ih Wigecn 

1 ho Pe il an 1 its congeners 


1 he White t hina t oose 
Ihu I amt Duck 
Ihc Domestu Gtost 
The Bainach Goose 
The I rent ( oosi 
The Iiirkey 
Ihe Poa 1 e wl 

rht Gcldcn and Silver Hamburgh 
I* owls 

The ( uck to 1 (Ml 
llu 1 luo r)iin howl 

I Ihc I aik citshil howl 
1 lelolind Hi 
1 antam lowls 
IheKumplessh wl 
1 The Silky and N gro h wls 
I The J iwelm or 1 in sland howls 


It will be found % usefiil and intelhgeut guide to the i iiiltry keeper, 
Hhik the live 1> and (tten amusing maiinti in which it is written gives it a 
claim up m the a^U ntion ot the geneiul le ider — Julian I Coii Uten lUt aid 
This b ok IS the best and most modern authority that can be consulted 
on the geiicr il man igcmciit of 1 oultiy — hnq Observ r 


Published at the e r titf Gaki fnfiu> Chronw lk and Agrici i 

T R\i Gv/rnr 5 Lip r AV llington street Covent Garden and may be 
idi red f anv Bo kbclkr 


Price Is 6d free by post Is lOd , 
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OF 

PROPE^OR LINDLEY’S VEGETABLE KINGDOM, 

So printed in large type that they can he cut ont and psstod Into 
‘^Thie Hbbbarium” 


Published at the Office of the Gardeners Chboniclf and Aoricil 
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